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(54) 1,3,5-TRIAZINE DERIVATIVE SALTS OF POLYACIDS COMPRISING PHOSPHORUS, SULFUR, 
AND OXYGEN AND PROCESS FOR PRODUCING THE SAME 

(57) A 1 ,3,5-triazine derivative salt of a polyacid 
comprising phosphorus, sulfur and oxygen, which has a 
solubility of from 0.01 to 0.10 g/100 ml in water (25°C) 
and a pH of from 2.0 to 7.0 as a 10 wt% aqueous slurry 
(25°C), and which is obtained from the following steps 
(a) and (b): 

(a) a step of obtaining a reaction product by mixing 
meiamine, phosphoric acid and sulfuric acid at a 
temperature of from 0 to 330°C in such ratios that 
the melarhirie is from 1 :0 to 4:0 mols per mol of the 
total molar amount of the phosphoric acid (as cal- 
culated as orthophosphoric acid content) and the 
sulfuric acid (as sulfuric acid content), and the sul- 
furic acid (as sulfuric acid content) is from 0.05 to 
20 mols per mol of the phosphoric acid (as calcu- 
lated as orthophosphoric acid content), and 

(b) a step of baking the reaction product obtained in 
step (a) at a temperature of from 340 to 400°C for 
from 0.1 to 30 hours; and a process for its produc- 
tion. 
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Description 
TECHNICAL FIELD 

[0001] The present invention relates to a 1 ,3,5-triazine s 
derivative salt of a polyacid comprising phosphorus, sul- 
fur and oxygen, and a process for its production. 

BACKGROUND ART 

1 

[0002] With respect to baked products of melamine 
and phosphoric acid, melamine orthophosphate, mela- 
mine pyrophosphate and melamine polyphosphate 
have, for example, been known, and there have been 
many reports on processes for their production. JP-A- n 
61-126091 discloses a process for producing melamine 
condensed phosphate which comprises reacting con- 
densed phosphoric acid and melamine in a solid phase 
substantially in the absence of an aqueous medium 
under a temperature condition of from naturally gener- 2c 
ated heat temperature to 1 70°C. 
[0003] It is known to employ urea as a condensation 
agent in the production of a polyphosphate. For exam- 
ple. JP-B-53-2170 discloses a process for producing a 
polyphosphoric acid amide (amide polyphosphate) con- 25 
taining amide-type nitrogen, which is obtainable by 
using ammonium orthophosphate, orthophosphoric 
acid, condensed phosphoric acid, phosphoric anhy- 
dride, urea phosphate, or a mixture thereof, as a phos- 
phoric acid source, and a cyanamide compound such 30 
as melamine, dicyan cyanamide, guanidine or guanyl 
urea, as a nitrogen source, and subjecting a mixture 
thereof to a heat condensation reaction in the presence 
of urea, urea phosphate or a mixture thereof, as a con- 
densation agent. As the production conditions, it is dis- 35 
closed to carry out the heat condensation in a ratio of 
urea/phosphoric acid (as H 3 P0 4 )/cyanamide com- 
pound = 0.8-1.5/1/0.05-1 (molar ratio) in an ammonia 
gas atmosphere at a temperature of from 150 to 350°C 
for from 10 minutes to 5 hours, preferably from 1 to 4 40 
hours. 

[0004] ACS. Symposium Series No. 425 "Fire and 
Polymers", chapter 15, p. 211-238, American Chemical 
Society, Washington, D.C., 1990, discloses that melam 
ultraphosphate is formed by heating melamine phos- 45 
phate [melamine/jphosphorus atom = 1/1 (molar ratio)] 
at a temperature of from 330 to 410°C. 
[0005] JP-A-8-231 51 7 discloses a process for produc- 
ing a melamine sulfate composition characterized by 
reacting sulfuric acid and melamine in a molar ratio of so 
1:0.1 to 1 , as an aminotriazine sulfate composition hav- 
ing water resistance. 

[0006] With respect to a baked product of melamine 
and sulfuric acid, the above-mentioned A.C.S. Sympo- 
sium Series No. 425 Tire and Polymers", chapter 1 5, p. ss 
211-238, American Chemical Society, Washington, 
D.C., 1990, discloses melamine sulfate [melamjne/sul- 
fur atom = 1/1 (molar ratio)] and that dimelam pyrosul- 



fate will be formed by heating it at a temperature of from 
300 to 400. 

[0007] There has been no report on a baked product 
comprising three components of melamine, phosphoric 
acid and sulfuric acid. 

[0008] Many proposals have been made up to present 
with respect to utilization of melamine phosphate as a 
flame retardant. For example, JP-A-53-49054 discloses 
a polyamide resin composition having the flame retar- 
dancy improved by adding an inorganic filler and mela- 
mine phosphate to a polyamide. 
[0009] J P-A-61 -126091 discloses that melamine con- 
densed phosphate is effective as a flame retardant for a 
thermoplastic resin such as a polyester, a polyamide or 
a polyolefin, a thermosetting resin such as phenol or 
urethane epoxy, or a cellulose material. 
[0010] With respect to utilization of melamine sulfate 
as a flame retardant, JP-A-54-47750 discloses that 
melamine sulfate [melamine/sulfur atom = 2/1 (molar 
ratio)] is used as a flame retardant for polyamide. 
[001 1 ] The melamine polyphosphate or the melamine 
condensed phosphate as disclosed in the above-men- 
tioned prior art can hardly be used effectively as a flame 
retardant for a resin having a high molding temperature, 
since desorption of melamine is substantial when 
heated at a temperature of at least 300°C. Further, the 
above-mentioned melamine sulfate can hardly be used 
effectively as a flame retardant for a resin having a high 
molding temperature, since it produces ammonium 
hydrogensulfate when heated at a temperature of at 
least 300°C. 

[001 2] The present invention is to overcome the draw- 
backs of the above-mentioned prior art and to present a 
1 ,3,5-triazine derivative salt of a polyacid comprising 
phosphorus, sulfur and oxygen, which is useful for a 
wide range of applications as a flame retardant and 
which is produced from melamine, phosphoric acid and 
sulfuric acid as starting materials, and a process for its 
production. 

DISCLOSURE OF THE INVENTION 

[0013] The process for producing a 1 ,3,5-triazine 
derivative salt of a polyacid comprising phosphorus, sul- 
fur and oxygen, according to the present invention, will 
be described. 

[0014] The process for producing a 1,3,5-triazine 
derivative salt of a polyacid comprising phosphorus, sul- 
fur and oxygen, which has solubility of from 0.01 to 0.10 
gf/1 00 ml in water (25°C) and a pH of from 2.0 to 7.0 as 
a 10 wt% aqueous slurry (25°C), according to the 
present invention, comprises the following steps (a) and 
(b): 

(a) a step of obtaining a reaction product by mixing 
melamine, phosphoric acid and sulfuric acid at a 
temperature of from 0 to 330°C in such ratios that 
the melamine is from 1 .0 to 4.0 mols per mol of the 
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total molar amount of the phosphoric acid (as cal- 
culated as orthophosphoric acid content) and the 
sulfuric acid (as sulfuric acid content), and the sul- 
furic acid (as sulfuric acid content) is from 0.05 to 
20 mols per mol of the phosphoric acid (as calcu- s 
lated as orthophosphoric acid content), and 
(b) a step of baking the reaction product obtained in 
step (a) at a temperature of from 340 to 400°C for 
from 0.1 to 30 hours. 

10 

[001 5] And, the invention will be described specifically 
by the five embodiments. 

[0016] The first embodiment of the present invention 
is a process for producing a melamine • melam • melem 
double salt of a polyacid comprising phosphorus, sulfur 15 
and oxygen, which has a solubility of from 0.01 to 0.10 
g/100 ml in water (25°C), a pH of from 2.5 to 4.5 as a 10 
wt% aqueous slurry (25°C), a sulfur atom content of 1 
mol per mol of the phosphorus atom, and characteristic 
X-ray diffraction peaks at 20 (±0.2°) of 6.1°, 10.3°, 19.0° so 
and 28.6° in the powder X-ray diffraction (anticathode: 
Cu-Ka), which process comprises the following steps 
(a) and (b): 

(a) a step of obtaining a reaction product by mixing 25 
melamine, phosphoric acid and sulfuric acid at a 
temperature of from 0 to 330°C in such ratios that 
the melamine is from 2.0 to 4.0 mols per mol of the 
total molar amount of the phosphoric acid (as cal- 
culated as orthophosphoric acid content) and the 30 
sulfuric acid (as sulfuric acid content), and the sul- 
furic acid (as sulfuric acid content) is 1 mol per mol 

of the phosphoric acid (as calculated as orthophos- 
phoric acid content), and 

(b) a step of baking the reaction product obtained in 35 
step (a) at a temperature of from 340 to 400°C for 
from 0.1 to 30 hours. 

[001 7] The second embodiment of the present inven- 
tion is a process for producing a 1 ,3, 5-triazine derivative 40 
salt mixture comprising a melamine • melam • melem 
double salt of a polyphosphoric acid and a melamine • 
melam -melem double salt of a polyacid comprising 
phosphorus, sulfur and oxygen, which has a solubility of 
from 0.01 to 0.10 g/100 ml in water (25°C), a pH of from 45 
2.5 to 7.0 as a 10 wt% aqueous slurry (25°C). and char- 
acteristic X-ray diffraction peaks at 26 (±0.2°) of 6.1°, 
8.2°, 10.3°, 14.8°, 18.2°, 19.0°, 26.7° and 28.6° in the 
powder X-ray diffraction (anticathode: Cu-Ka), which 
process comprises the following steps (a) and (b): si 

(a) a step of obtaining a reaction product by mixing 
melamine, phosphoric acid and sulfuric acid at a 
temperature of from 0 to 330°C in such ratios that 
the melamine is from 2.0 to 4.0 mols per mol of the 55 
total molar amount of the phosphoric acid (as cal- 
culated as orthophosphoric acid content) and the 
sulfuric acid (as sulfuric acid content), and the sul- 



furic acid (as sulfuric acid content) is from 0.05 to 
0.9 mol per mol of the phosphoric acid (as calcu- 
lated as orthophosphoric acid content), and 
(b) a step of baking the reaction product obtained in 
step (a) at a temperature of from 340 to 400°C for 
from 0.1 to 30 hours. 

[0018] The third embodiment of the present invention 
is a process for producing a 1 ,3,5-triazine derivative salt 
mixture comprising dimelam pyrosulfate and a mela- 
mine • melam • melem double salt of a polyacid com- 
prising phosphorus, sulfur and oxygen, which has a 
solubility of from 0.01 to 0.10 g/100 ml in water (25°C), 
a pH of from 2.5 to 4.5 as a 10 wt% aqueous slurry 
(25°C). and characteristic X-ray diffraction peaks at 2e 
(±0.2°) of 6.1°. 10.3°, 10.6°, 19.0°, 19.5°. 21.3°. 27.3° 
and 28.6° in the powder X-ray diffraction (anticathode: 
Cu-Ka), which process comprises the following steps 
(a) and (b): 

(a) a step of obtaining a reaction product by mixing 
melamine, phosphoric acid and sulfuric acid at a 
temperature of from 0 to 330°C in such ratios that 
the melamine is from 2.0 to 4.0 mols per mol of the 
total molar amount of the phosphoric acid (as cal- 
culated as orthophosphoric acid content) and the 
sulfuric acid (as sulfuric acid content), and the sul- 
furic acid (as sulfuric acid content) is from 1.1 to 20 
mol per mol of the phosphoric acid (as calculated 
as orthophosphoric acid content), and 

(b) a step of baking the reaction product obtained in 
step (a) at a temperature of from 340 to 400°C for 
from 0.1 to 30 hours. 

[0019] The fourth embodiment of the present inven- 
tion is a process for producing a melamine • melam • 
melem double salt of a polyacid comprising 
phosphorus, sulfur and oxygen, which has a solubility of 
from 0.01 to 0.10 g/100 ml in water (25°C), a pH of from 
2.5 to 4.5 as a 10 wt% aqueous slurry (25°C), and a 
dimelam pyrosulfate structure represented by charac- 
teristic X-ray diffraction peaks at 26 (±0.2°) of 10.6°. 
19.5°, 21.3° and 27.3° in the powder X-ray diffraction 
(anticathode: Cu-Ka), according to Claim 7. which proc- 
ess comprises the.following steps (a).and.(b); 

(a) a step of obtaining a reaction product by mixing 
melamine, phosphoric acid and sulfuric acid at a 
temperature of from 0 to 330°C in such ratios that 
the melamine is from 1 .0 to 1 .9 mols per mol of the 
total molar amount of the phosphoric acid (as cal- 
culated as orthophosphoric acid content) and the 
sulfuric acid (as sulfuric acid content), and the sul- 
furic acid (as sulfuric acid content) is from 1.0 to 20 
mol per mol of the phosphoric acid (as calculated 
as orthophosphoric acid content), and 

(b) a step of baking the reaction product obtained in 
step (a) at a temperature of from 340 to 400°C for 
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from 0.1 to 30 hours. 

[0020] The fifth embodiment of the present invention 
is a process for producing a 1 ,3,5-triazine derivative salt 
mixture comprising dimelam pyrosulfate and a mela- s 
mine polyphosphate • melam • melem double salt, 
which has a solubility of from 0.01 to 0.10 g/100 ml in 
water (25°C), a pH of from 2.0 to 7.0 as a 10 wt% aque- 
ous slurry (25°C), which comprises the following steps 
(a) and (b): 10 

(a) a step of obtaining a reaction product by mixing 
melamine, phosphoric add and sulfuric acid at a 
temperature of from 0 to 330°C in such ratios that 
the melamine is from 1 .0 to 1 .9 mols per mol of the 15 
total molar amount of the phosphoric acid (as cal- 
culated as orthophosphoric acid content) and the 
sulfuric acid (as sulfuric acid content), and the sul- 
furic acid (as sulfuric acid content) is from 0.05 to 

0.9 mol per mol of the phosphoric acid (as calcu- 
lated as orthophosphoric acid content), and 

(b) a step of baking the reaction product obtained in 
step (a) at a temperature of from 340 to 400°C for 
from 0. 1 to 30 hours. 

[0021] And. in step (a) in the process of the present 
invention, the phosphoric acid is preferably an aqueous 
orthophosphoric acid solution having an orthophos- 
phoric acid concentration of at least 50 wt%, and the 
sulfuric acid is preferably an aqueous sulfuric acid solu- 30 
tion having a sulfuric acid concentration of at least 50 
wt%. 

[0022] Here, the melamine • melam • melem double 
salt of a polyacid comprising phosphorus, sulfur and 
oxygen, according to the present iventnion, will be 35 
described as follows. 

[0023] The polyacid comprising phosphor, sulfur and 
oxygen is a polyacid formed from phosphorus, sulfur 
and oxygen, having a phosphite sulfate group of the for- 
mula (1): 40 



nents. Next, the melamine • melam • melem double salt 
of a polyphosphoric acid is a melamine • melan • melem 
double salt of a chain polyphosphoric acid or a mela- 
mine • melam • melem double salt of metaphosphoric 
acid, of the general formula (2): 

a(MmH) 2 0 • 0 (MdH) 2 C> • y (MpH) 2 0 • 6 P 2 0 5 (2) 

(wherein Mm represents melamine. Md represents 
melam, Mp represents melem, H represents a hydrogen 
atom, P represents a phosphorus atom, O represents 
an oxygen atom, and a, 0, y and 8 represent positive 
numbers, having an interrelation of 1^(a+0+y)/S<2) . 
[0024] Further, the dimelam pyrosulfate is a melam 
salt of pyrosulfuric acid (disulfuric acid) of the formula 
(3): 



(MdH) 2 S20 7 



(3) 



20 



25 



(wherein Md represents melam, H represents a hydro- 
gen atom, S represents a sulfur atom, and O represents 
an oxygen atom). 

[0025] Here, melamine, melam and melem are 1 ,3,5- 
triazine derivatives. 

[0026] The melamine (Mm) is 2, 4,6-triami no- 1 ,3,5-tri- 
azine of the formula (4): 



C 3 H 6 N 6 



(4) 



[0027] The melam (Md) is (N-4,6-diamino-1,3,5-tri- 
azin-2-yl)-1,3,5-triazine-2,4,6-triamine of the formula 
(5): 



CeHgNu 



(5) 



-(O3HP-O-SO3)- 



(1) 



. This is a 1 ,3,5-triazine derivative having two molecules 
of melamine condensed to have one molecule of 
ammonia desorbed therefrom. 

[0028] The melem (Mp) is 2,5,8-triamino- 

1, 3,4,6, 7,9,9b-heptaazaphenalene of the formula (6): 



(wherein O represents an oxygen atom, H represents a 
hydrogen atom, P represents a phosphorus atom, and 
S represents a sulfur atom), a mixture of a polyphos- 
phoric acid and a polyacid formed from phosphorus, 
sulfur and oxygen, having a phosphite sulfate group, a 
mixture of pyrosulfuric acid and a polyacid formed from 
phosphorus, sulfur and oxygen, having a phosphite sul- 
fate group, a mixture of a polyphosphoric acid, a pyro- 
sulfuric acid and a polyacid formed from phosphorus, 
sulfur and oxygen, having a phosphite sulfate group, or 
a mixture of a polyphosphoric acid and pyrosulfuric 
acid. The melamine • melam • melem double salt of a 
polyacid comprising phosphorus, sulfur and oxygen, is 
a crystalline double salt comprising the above polyacid, 
and melamine, melam and melem as base compo- 



C 6 H 6 N 10 



(6) 



45 . This is a 1 ,3,5-triazine derivative having two molecules 
of melamine condensed to have two molecules of 
ammonia desorbed therefrom. 

BRIEF DESCRIPTION O F THE DRAWINGS 

so 

[0029] 

Figure 1 is a graph of the differential thermal analy- 
sis of the melamine • melam • melem double salt of 
55 a polyphosphoric acid obtained in Reference 
Example 1 . 

Figure 2 is a powder X-ray diffraction pattern of the 
melamine • melam • melem double salt of a 
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polyphosphoric acid obtained in Reference Exam- 
ple 1. 

Figure 3 is a graph of the differential thermal analy- 
sis of the dimelam pyrosulfate obtained in Refer- 
ence Example 2. 5 
Figure 4 is a powder X-ray diffraction pattern of the 
dimelam pyrosulfate obtained in Reference Exam- 
ple 2. 

Figure 5 is a graph of the differential thermal analy- 
sis of the melamine • melam • melem double salt of 10 
a polyacid comprising phosphorus, sulfur and oxy- 
gen, having a dimelam pyrosulfate structure, 
obtained in Example 2. 

Figure 6 is a powder X-ray diffraction pattern of the 
melamine • melam • melem double salt of a poly- 15 
acid comprising phosphorus, sulfur and oxygen, 
having a dimelam pyrosulfate structure, obtained in 
Example 2. 

Figure 7 is a graph of the differential thermal analy- 
sis of the melamine • melam • melem double salt 20 
comprising phosphorus, sulfur and oxygen [carbon 
atom/phosphorus atom/sulfur atom 
14.1/1.04/1.00 (molar ratio)], obtained in Example 
3. 

Figure 8 is a powder X-ray diffraction pattern of the 25 
melamine • melam • melem double salt comprising 
phosphorus, sulfur and oxygen [carbon atom/phos- 
phorus atom/sulfur atom = 14.1/1.04/1.00 (molar 
ratio), obtained in Example 3. 

Figure 9 is a graph of the differential thermal analy- 30 
sis of the 1 ,3,5-triazine derivative salt mixture com- 
prising dimelam pyrosulfate and a 
melamine • melam • melem double salt of a 
polyphosphoric acid, obtained in Example 10. 
Figure 10 is a powder X-ray diffraction pattern of 35 
the 1 ,3,5-triazine derivative salt mixture comprising 
dimelam pyrosulfate and a melamine • melam • me- 
lem double salt of a polyphosphoric acid, obtained 
in Example 10. 

40 

[0030] In Figures 1, 3, 5, 7 and 9, symbol 1 indicates 
a curve showing the results of the differential thermal 
analysis (DTA), symbol 2 indicates a curve showing the 
results of the thermogravimetric analysis (TG), and 
symbol 3 indicates a curve showing the results of .the as 
time (minutes) and the temperature (°C). 

REST MODE FOR CARRYING OUT THE INVENTION 

[0031] The melamine, the sulfuric acid, the phos- sc 
phoric acid, etc., to be used in step (a) of the present 
invention may be those which are commercially availa- 
ble. 

[0032] As the phosphoric acid, orthophosphoric acid, 
pyrophosphoric acid or polyphosphoric acid may, for ££ 
example, be used, but orthophosphoric acid is pre- 
ferred. For an aqueous orthophosphoric acid solution, 
one made by either a thermal process or a wet process 



may be used as a solution having an orthophosphoric 
acid concentration of at least 50 wt%. However, the 
higher the orthophosphoric acid concentration, the bet- 
ter, and particularly preferred is a thermal process 
orthophosphoric acid aqueous solution having an ortho- 
phosphoric acid concentration of from 75 to 89 wt%. An 
aqueous orthophosphoric acid solution having an ortho- 
phosphoric acid concentration of less than 50 wt% is not 
desirable, since water is so much that, after mixing for 
reaction, it takes time for drying. 
[0033] As the sulfuric acid, one having a sulfuric acid 
concentration of at least 50 wt%, can be used, but the 
higher the sulfuric acid concentration, the better, and a 
commercially available concentrated sulfuric acid (95%) 
can be used as diluted with water. An aqueous sulfuric 
acid solution having a sulfuric acid concentration of less 
than 50 wt% can also be used, but such is not preferred, 
since water is so much that, after the mixing for reaction, 
it takes time for drying. 

[0034] Further, in the present invention, instead of the 
phosphoric acid, an aqueous solution of ammonium 
monohydrogen phosphate may be employed, and an 
aqueous solution having ammonium phosphate added 
to an aqueous phosphoric acid solution, may also be 
employed. Further, instead of the sulfuric acid, an aque- 
ous solution of ammonium dihydrogensulfate may be 
employed, and an aqueous solution having ammonium 
sulfate added to an aqueous sulfuric acid solution, may 
also be employed. 

[0035] In the present invention, at the time of reacting 
melamine with phosphoric acid and sulfuric acid for 
reaction, a mixed aqueous solution of phosphoric acid 
and sulfuric acid may preliminarily be prepared and 
used. At that time, instead of the mixed aqueous solu- 
tion of phosphoric acid and sulfuric acid, an aqueous 
solution having ammonium monohydrogen phosphate, 
ammonium dihydrogen phosphate or ammonium phos- 
phate added to an aqueous sulfuric acid solution, may 
be used, and an aqueous solution having ammonium 
hydrogensulfate or ammonium sulfate added to an 
aqueous phosphoric acid solution, may also be used. 
[0036] In the present invention, for mixing melamine 
with phosphoric acid and sulfuric acid for reaction, it is 
possible to employ a mixing or stirring apparatus such 
as. an automatic, mortar, a universal mixer, a Henschel 
mixer or a homogenizer. 

[0037] Remarkable heat generation takes place by the 
mixing of melamine with phosphoric acid and sulfuric 
acid according to the present invention. Accordingly, in 
a case where the concentrations of phosphoric acid and 
sulfuric acid used, are high, the reaction product will be 
obtained in the form of a wet or dry powder due to evap- 
oration of water during the mixing. To carry out the reac- 
tion uniformly, the mixing or stirring apparatus is 
preferably a Henschel mixer having a shearing force. 
[0038] In the present invention, at the time of mixing 
melamine with phosphoric acid and sulfuric acid, if is 
possible to obtain a desired 1 ,3,5-triazine derivative salt 
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of a polyacid comprising phosphorus, sulfur and oxy- 
gen, by selecting the molar ratio of the melamine per 
mol of the total molar amount of the phosphoric acid (as 
calculated as orthophosphoric acid content) and the 
sulfuric acid (as sulfuric acid content), and the molar 
ratio of the sulfuric acid (as sulfuric acid content) per 
mol of the phosphoric acid (as calculated as orthophos- 
phoric acid content). 

[0039] Here, if the ratio of the melamine is less than 
1 .0 mol per mol of the total molar amount of the phos- 
phoric acid (as calculated as orthophosphoric acid con- 
tent) and the sulfuric acid (as sulfuric acid content), the 
acid in the baked product tends to be excessive, and the 
acidity tends to be too strong, such being undesirable. 
On the other hand, if the ratio of the melamine exceeds 
4.0 mols per mol of the total molar amount of the phos- 
phoric acid and the sulfuric acid, the amount of mela- 
mine remaining in the final baked product tends to be 
too much, or volatilization of melamine during the bak- 
ing tends to be too much, such being undesirable. 
[0040] And, if the melamine is from 2.0 to 4.0 mols per 
mol of the total molar amount of the phosphoric acid (as 
calculated orthophosphoric acid content) and the sulfu- 
ric acid (as sulfuric acid content), and the sulfuric acid 
(as sulfuric acid content) is 1 mol per mol of the phos- 
phoric acid (as calculated as orthophosphoric acid con- 
tent), the baked product obtained in step (b) will be a 
melamine • melam • melem double salt of a polyacid 
comprising phosphorus, sulfur and oxygen, which has a 
solubility of from 0.01 to 0.10 g/100 ml in water (25°C), 
a pH of from 2.5 to 4.5 as a 10 wt% aqueous slurry 
(25°C), a sulfur atom content of 1 mol per mol of the 
phosphorus atom, and characteristic X-ray diffraction 
peaks at 26 (±0.2°) of 6.1°, 10.3°, 19,0° and 28.6° in the 
powder X-ray diffraction (arrticathode: Cu-Ka). 
[0041] If the melamine is from 2.0 to 4.0 mols per mol 
of the total molar amount of the phosphoric acid (as cal- 
culated as orthophosphoric acid content) and the sulfu- 
ric acid (as sulfuric acid content), and the sulfuric acid 
(as sulfuric acid content) is from 0.05 to 0.9 mol per mol 
of the phosphoric acid (as calculated as orthophos- 
phoric acid content), the baked product obtained in step 
(b) will be a 1,3,5-triazine derivative salt mixture com- 
prising a melamine • melam • melem double salt of a 
polyphosphoric acid and a melamine -melam •melem 
double salt of a polyacid comprising phosphorus, sulfur 
and oxygen, which has a solubility of from 0.01 to 0.10 
g/1 00 ml in water (25°C), a pH of from 2.5 to 7.0 as a 1 0 
wt% aqueous slurry (25°C), and characteristic X-ray dif- 
fraction peaks at 26 (±0.2°) of 6.1 °, 8.2°, 10.3°, 14.8°, 
18.2°, 19.0°, 26.7° and 28.6° in the powder X-ray dif- 
fraction (arrticathode: Cu-Ka). 

[0042] If the melamine is from 2.0 to 4.0 mols per mol 
of the total molar amount of the phosphoric acid (as cal- 
culated as orthophosphoric acid content) and the sulfu- 
ric acid (as sulfuric acid content), and the sulfuric acid 
(as sulfuric acid content) is from 1.1 to 2.0 mols per mol 
of the phosphoric acid (as calculated as orthophos- 



phoric acid content), the baked product obtained in step 
(b) will be a 1,3,5-triazine derivative salt mixture com- 
prising dimelam pyrosulfate and a melamine • melam • 
melem double salt of a polyacid comprising 

5 phosphorus, sulfur and oxygen, which has a solubility of 
from 0.01 to 0.10 g/100 ml in water (25°C) t a pH of from 
2.5 to 4.5 as a 10 wt% aqueous slurry (25°C), and char- 
acteristic X-ray diffraction peaks at 26 (±0.2°) of 6.1°, 
10.3°, 10.6°, 19.0°, 19.5°, 21.3°, 27.3° and 28.6° in the 

io powder X-ray diffraction (anticathode: Cu-Ka). 

[0043] If the melamine is from 1 .0 to 1 .9 mols per mol 
of the total molar amount of the phosphoric acid (as cal- 
culated as orthophosphoric acid content) and the sulfu- 
ric acid (as sulfuric acid content), and the sulfuric acid 

75 (as sulfuric acid content) is from 1 .0 to 20 mols per mol 
of the phosphoric acid (as calculated as orthophos- 
phoric acid content), the baked product obtained in step 
(b) will be a melamine • melam • meiem double salt of a 
polyacid comprising phosphorus, sulfur and oxygen, 

20 which has a solubility of from 0.01 to 0.10 g/100 ml in 
water (25°C), a pH of from 2.5 to 4.5 as a 10 wt% aque- 
ous slurry (25°C), and a dimelam pyrosulfate structure 
represented by characteristic X-ray diffraction peaks at 
26 (±0.2°) of 10.6°, 19.5°, 21 .3° and 27.3° in the powder 

25 X-ray diffraction (anticathode: Cu-Ka). 

[0044] If the melamine is from 1 .0 to 1 .9 mols per mol 
of the total molar amount of the phosphoric acid (as cal- 
culated as orthophosphoric acid content) and the sulfu- 
ric acid (as sulfuric acid content), and the sulfuric acid 

so (as sulfuric acid content) is from 0.05 to 0.9 mol per mol 
of the phosphoric acid (as calculated as orthophos- 
phoric acid content), the baked product obtained in step 
(b) will be a 1,3,5-triazine derivative salt mixture com- 
prising dimelam pyrosulfate and a melamine • melam • 

35 melem double salt of a polyphosphoric acid, which has 
a solubility of from 0.01 to 0. 10 g/1 00 ml in water (25°C), 
a pH of from 2.0 to 7.0 as a 10 wt% aqueous slurry 
(25°C). 

[0045] In the present invention, the temperature for 
40 mixing and stirring the melamine with the phosphoric 
acid and the sulfuric acid may be from 0 to 330°C ( but it 
is preferably from 80 to 150°C in order to efficiently 
carry out removal of water or to suppress volatilization 
of the melamine. The total time for mixing and stirring 
45 may usually be from 10 minutes to 2 hours, although it 
may depend also on the intensity of mixing. The phos- 
phoric acid and the sulfuric acid may preliminarily be 
mixed in the predetermined ratios and added after 
adjusting their concentrations with water, or phosphoric 
so acid and sulfuric acid having their concentrations 
respectively adjusted with water, may separately be 
added. 

[0046] By the mixing of melamine with phosphoric 
acid and sulfuric acid according to the present inven- 
55 tion, the melamine is reacted with phosphoric acid and 
sulfuric acid to form a double salt reaction product com- 
prising melamine phosphate, melamine sulfate and/or 
melamine sulfate phosphate (each being a hydrous 
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[0047] In the mixing of melamine with phosphoric acid 
and sulfuric acid according to the present invention, it 
has been surprisingly found that deposition of the reac- 
tion product on the apparatus is very little, and it can be 
said that addition of sulfuric acid is effective, since in the 
reaction of melamine with phosphoric acid, deposition 
on the apparatus is substantial. In the present invention, 
if required, for the purpose of preventing deposition, a 
colloidal silica powder may be added at the time of the 
mixing. 

[0048] As the colloidal silica powder, one having a pri- 
mary particle size of at most 100 nm, such as precipi- 
tated silica powder or pyrogenic silica powder, is 
preferred. And, one having a primary particle size of 
from 8 to 50 nm is more preferred, since it is readily 
available. 

[0049] In the present invention, the reaction product 
obtained by mixing melamine with phosphoric acid and 
sulfuric acid, is baked at a temperature of from 340 to 
400°C. preferably from 340 to 380°C, for from 0.1 to 30 
hours, to obtain the desired baked product. 
[0050] In step (b) in the present invention, trie-reaction 
product is dehydrated to be anhydrous, and at the same 
time, the melamine in the form of a phosphate becomes 
to be a melamine -melam • melem composite as a 
result of desorption of an ammonia molecule from a part 
of the melamine, and the melamine in the form of a sul- 
fate becomes to be melam as a result of desorption of 
an ammonia molecule therefrom. And, the phosphoric 
acid and the sulfuric acid will undergo condensation to 
form a melamine • melam • melem double salt of a poly- 
acid comprising phosphorus, sulfur and oxygen, 
dimelam pyrosulfate or a melamine • melam • melem 
double salt of a polyphosphoric acid, or a mixture 
thereof. 

[0051 ] With respect to the melamine • melam • melem 
double salts of polyacids comprising phosphor, sulfur 
and oxygen, having dimelam pyrosulfate structures, 
obtained in Examples 1 and 2, and the compound hav- 
ing a structure of a melamine • melam • melem double 
salt of a polyacid comprising phosphorus, sulfur and 
oxygen [carbon atom/phosphorus atom/sulfur atom = 
14/1/1 (molar ratio)] obtained in Example 3, the detailed 
structures are not«clearly~understood, but as a resultof 
the differential thermal analysis, each compound is 
clearly different from the thermal decomposition behav- 
ior of a melamine salt such as melamine polyphos- 
phate. It is considered that by the heating, a 
melamine • melam double salt, a melam salt and a 
melamine • melam ■ melem double salt have formed 
from the melamine salt. 

[0052] If the baking temperature is less than 340°C, 
formation of e.g. a melamine • melam double salt, a 
melam salt, and a melamine -melam -melem double 
salt, tends to be inadequate, whereby the desired baked 
product can hardly be obtainable. If it exceeds 400°C, 
the formed above-mentioned dimelam pyrosulfate, the 



melamine • melam • melem double salt of a polyacid 
comprising phosphorus, sulfur and oxygen, having a 
dimelam pyrosulfate structure, the melamine • melam- 
melem double salt of a polyphosphoric acid, the mela- 

5 mine • melam • melem double salt of a polyacid 
comprising phosphorus, sulfur and oxygen [carbon 
atom/phosphorus atom/sulfur atom = 14/1/1 (molar 
ratio)], tend to decompose, thus leading to formation of 
ammonia or ammonium hydrogensulfate and volatiliza- 

10 tion of melamine, melam and melem, such being unde- 
sirable. 

[0053] In the present invention, if the baking time is 
less than 0.1 hour, formation of the desired baked prod- 
uct tends to be inadequate, and it may be longer than 30 
is hours, but if it exceeds 30 hours, such is not economi- 
cal. 

[0054] For the baking of the present invention, a hot 
air dryer, a rotary kiln, a double-shaft type continuous 
kiln, afluidized-bed kiln, etc., may be employed alone or 

20 in combination. During the baking, a gas will be gener- 
ated due to decomposition or sublimation of melamine. 
and a baking furnace of a type capable of stirring during 
the baking, is preferred. Particularly preferred is a dou- 
ble-shaft type continuous kiln. Further, it is more pre- 

25 ferred that after baking by a double-shaft type 
continuous kiln, baking is carried out by a fluidized-bed 
kiln. 

[0055] The baked product of the present invention 
may be pulverized and classified by a dry system pul- 

30 verizer such as a mixer, a pin disk mill, a ball mill or a jet- 
o-mizer, or a dry system pulverization classifier such as 
a counter jet mill or an ionomizer, to obtain a fine pow- 
der having an average particle size (a median diameter) 
of at most 20 jim, which is preferred for an application 

35 as a flame retardant, more preferably an average parti- 
cle size (a median diameter) of at most 10 u.m. 
[0056] Further, as a flame retardant a pulverized 
product of the above baked product may be used, and a 
pulverized product adjusted by adding at most 25 wt% 

40 of an inorganic substance such as a silica powder or an 
inorganic basic substance, per 100 parts by weight of 
the baked product of the present invention, may also be 
used. The addition may be carried out from room tem- 
perature to 400°C. Namely, the addition may be carried 

45. out before the completion of the above baking, or the 
addition may be made to one cooled after completion of 
the baking. For such an addition, it is preferred to 
employ a mixing apparatus having a shearing force 
such as a Henschel mixer, a homogenizer or a homo- 

50 mixer, but a method of mixing by a V-type mixer or a uni- 
versal mixer, followed by pulverization by a pulverizer 
such as a pin disk mill, a jet-o-mizer, a ball mill, a coun- 
ter jet mill or an ionomizer, may also be employed. Also 
in such a case, by the pulverization, it is possible to 

55 obtain a fine powder having an average particle size of 
at most 20 urn, preferably an average particle size of at 
most 10 urn. Further, after mixing at room temperature, 
rebaking may be carried out at a temperature of from 
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340 to 400°C. 

[0057] Here, the above-mentioned inorganic sub- 
stance is a substance insoluble in water or having a low 
solubility. For example, magnesium hydroxide, alumi- 
num hydroxide, calcium hydroxide, calcium silicate, 
magnesium silicate, calcium carbonate, silica powder, 
talc or zinc oxide may, for example, be mentioned as a 
preferred example. As such an inorganic substance, a 
commercially available one may be employed. 
[0058] The flame retardant comprising the above- 
mentioned inorganic substance and the baked product 
of the present invention, may be made to have a solubil- 
ity of from 0.01 to 0.10 g/100 ml in water (25°C) and a 
pH of from 2.0 to 8.0 as a 10 wt% aqueous slurry 
(25°C). 

[0059] In the present invention, methods for evaluation 
of samples are as follows. Here, as samples, the prod- 
ucts pulverized by a pin disk mill were employed. 

(1) Elemental analysis 

(1) Carbon, nitrogen and hydrogen 

[0060] Measured by means of an apparatus for ele- 
mental analysis 2400 CHN elemental analyzer (Perkin- 
Elmer Corp.) 

(ii) Phosphorus 

[0061] Measured by a phosphorus vanadomolybdate 
absorptiometry 

(iii) Sulfur 

[0062] Treated by an oxygen flask combustion method 
and measured by ion chromatography. 

(2) Differential thermal analysis 

[0063] Measured by means of an apparatus for differ- 
ential thermal analysis TG/DTA320U (manufactured by 
Seiko Instruments & Electronics, Ltd.). 

(Measuring conditions) 

[0064] 

Sample 11 mg, reference: ct-alumina 11 mg, 
Measuring temperature range: 25-1000°C or 25- 
710°C, 

Temperature raising rate: 10°C/min 

(3) Powder X-ray diffraction 

[0065] Measured by means of an apparatus for X-ray 
diffraction JEOL JDX-8200T (manufactured by JEOL 
Ltd.) 
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(Anticathode: Cu-Ka) 

(4) Bulk specific gravity (loose apparent density) 

5 [0066] Measured by means of a powder tester (man- 
ufactured by Hosokawa Micron Corp.) 

0 

(5) Average particle size 

10 [0067] The 50% volume diameter (median diameter) 
was taken as the average particle size. 
[0068] The 50% volume diameter (median diameter) 
was measured by means of a centrifugal sedimentation 
particle measuring apparatus SA-CP3 (manufactured 
15 by Shimadzu Corporation). 

(Measuring conditions) Solvent: pure water (25°C) 

(6) pH of a 10 wt% aqueous slurry (25°C) 

20 

[0069] into a 300 ml beaker, 25 g of a sample was 
taken, and then, 225 ml (25°C) of pure water measured 
by a measuring cylinder, was added thereto. Then, a 
magnetic stirring element was put into the beaker, fol- 
25 lowed by stirring by a magnetic stirrer for 30 minutes to 
obtain a 10 wt% aqueous slurry. 
[0070] Then, the above 10 wt% aqueous slurry was 
measured by means of a pH meter M-8AD (manufac- 
tured by Horiba, Ltd.). 

30 

(7) Solubility (30 minutes) in water (25°C) 

[0071] Into a 300 ml beaker, 5.00 g (ag) of a sample 
was accurately weighed, and then, 250 ml (25°C) of 
35 pure water measured by a measuring cylinder, was 
added thereto. Then, under a constant temperature 
(25°C), a magnetic stirring element was put into the 
beaker, followed by stirring by a magnetic stirrer for 30 
minutes to obtain a slurry. The obtained slurry was sue- 
40 tion-f iltered through a No. 5A filter which was preliminar- 
ily dried and had its weight accurately weighed. At that 
time, after once the filtration was completed, the filtrate 
was taken into a separate container, and with that fil- 
trate, the slurry remaining in the beaker used for the 
45 preparation of the slurry, was washed and put onto the 
No. 5A filter paper which was used for the previous filtra- 
tion and on which the undissolved sample was 
attached. Thus, the undissolved sample was recovered 
substantially in the entire amount on the No. 5A filter 
so paper. 

[0072] Then, into a Petri dish having its weight accu- 
rately weighed, the No. 5A filter paper having the undis- 
solved sample recovered thereon, was put, and the 
Petri dish was put into a hot air dryer preliminarily 
55 heated to 80°C and dried for 5 hours. Thereafter, the 
Petri dish was immediately put into a desiccator and left 
to cool. 

[0073] After cooling, the total weight was measured, 
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and the weights of the No. 5A filter paper and the Petri 
dish were subtracted from the total weight to obtain the 
amount of the undissolved sample (bg). 
[0074] The solubility (g/1 00 ml) was obtained by a cal- 
culation formula of 1 00 • (a-b)/250. 5 

(8) Solubility (24 hours) in water (25°C) 

[0075] Into a 300 ml beaker, 5.00 g (ag) of the sample 
was accurately weighed, and then, 250 ml (25°C) of w 
pure water measured by a measuring cylinder, was 
added thereto. Then, under a constant temperature 
(25°C), a magnetic stirring element was put into the 
beaker, followed by stirring by a magnetic stirrer for 24 
hours to obtain a slurry. After the preparation of this 15 
slurry, the solubility (g/1 00 ml) was obtained in the same 
manner as for the solubility (30 minutes) in water 
(25°C). 

(9) Solubility (36 hours) in water (25°C) »• 

[0076] Into a 300 ml beaker, 5.00 g (ag) of a sample 
was accurately weighed, and then, 250 ml (25°C) of 
pure water measured by a measuring cylinder was 
added thereto. Then, under a constant temperature 25 
(25°C), a magnetic stirring element was put into the 
beaker, followed by stirring for 36 hours to obtain a 
slurry. After the preparation of this slurry, the solubility 
(g/1 00 ml) was obtained in the same manner as for the 
solubility (30 minutes) in water (25°C). so 

(10) High performance liquid chromatography 

[0077] Melamine, melam, melem, etc., as base com- 
ponents in a sample, were measured by a high perform- 35 
ance liquid chromatography apparatus. Hitachi L-400 
(manufactured by Hitachi, Ltd.). As the column, a cation 
exchange resin type column was employed. 

(Measuring conditions) 40 

[0078] 

Column: PATISIL 10-SCX (250 mm x 4.6 mm in 
diameter), " " "~ 4i 

Carrier solvent: 0.05 M, pH 3.7, phosphate buffer 

solution, 

Carrier flow rate: 1 .5 ml/min, 
Oven temperature: 40°C, 

Method for detection: UV detection method (230 so 
nm), 

Preparation of a sample solution for measurement: 

[0079] 5 mg of a sample was dissolved under heating 55 
in 49 g of an aqueous orthophosphoric acid solution 
having an orthophosphoric acid concentration of 85 
wt% and then diluted to 500 ml with pure water to obtain 



a sample solution for measurement. 
REFERENCE EXAMPLE 1 
Step (a) 

[0080] Into a 5 I universal mixer (made of stainless 
steel), 831.6 g (6.6 mols) of melamine (manufactured by 
Nissan Chemical Industries, Ltd.) was taken, and 230.6 
g (orthophosphoric acid content: 2.0 mols) of an aque- 
ous orthophosphoric acid solution having an orthophos- 
phoric acid concentration of 85 wt% (manufactured by 
TOSOH CORPORATION) was added and mixed for 10 
minutes, with stirring. After completion of the addition, 
stirring was continued for further 30 minutes. The mela- 
mine was 3.3 mols per mol of the orthophosphoric acid 
content. By the addition of this aqueous orthophos- 
phoric acid solution, remarkable heat generation took 
place, and steam was generated. The obtained wet 
powder-like reaction product was 1034.5 g. 

Step (b) 

[0081] 500 g of the wet powder-like reaction product 
obtained in step (a) was put into a stainless steel*vat, 
and baking was carried out at 370°C in an electric fur- 
nace as baking of the first stage. The temperature rais- 
ing time was such that the temperature became 370°C 
in about 1 hour, and the baking temperature was main- 
tained at 370°C for 3 hours. Certain agglomeration 
takes place due to dehydration, and to prevent such 
agglomeration, when the temperature of the baked 
product became 370°C, it was taken out, and the 
agglomerated one was disintegrated, whereupon the 
baking was continued. By the baking, sublimation of 
melamine and formation of ammonia due to decomposi- 
tion of melamine were observed. Further, as the second 
stage, the temperature was raised to 380°C (tempera- 
ture raising time: 15 minutes), and maintained at 380°C 
for 3 hours. By the baking, sublimation of melamine and 
formation of ammonia due to decomposition of mela- 
mine were remarkably observed. As the baked product. 
322.1 g was obtained. 

[0082] This baked product was cooled, and then pul- 
verization was- carried ..out.~by~a pin disk mill. The 
obtained pulverized product had powder characteristics 
such that the bulk specific gravity was 0.6 g/ml and the 
average particle size was 13 vxr\. 
[0083] As a result of the high performance liquid chro- 
matography with respect to this baked product, the base 
components comprised melamine, melam and melem 
as the main components. Melamine/melam/melem = 
2.29/1.00/0.66 (molar ratio). 

[0084] As a result of the elemental analysis, carbon 
was 24.25 wt%. nitrogen was 51 .78 wt%, hydrogen was 
3.97 wt%, and phosphorus was 8.50 wt%. In the baked 
product, the ratio of the nitrogen atom was 1.84 mols 
per mol of the carbon atom, which agreed to the ratio of 
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the nitrogen atom being 1 .86 mols per mol of the carbon 
atom as calculated from the result of the high perform- 
ance liquid chromatography. 

[0085] Melamine/melam/melenVphosphorus atom = 
0.98/0.43/0.29/1.0 (molar ratio), as calculated from the 
molar ratio of melamine, melam and melem as the base 
components in the high performance liquid chromatog- 
raphy and the results of carbon and phosphorus in the 
elemental analysis. 

[0086] As a result of a differential thermal analysis of 
this baked product, a rapid decomposition took place at 
630°C, which was similar to the decomposition of a 
melam salt, a melem salt or the like. This is clearly dif- 
ferent from the thermal decomposition behavior of 
melamine polyphosphate, and this baked product is 
considered to be a melamine • melam • melem double 
salt of a pofyphosphoric acid. 

[0087] As a result of powder X-ray diffraction of this 
baked product, the positions of peaks substantially 
agree with the peaks of melamine polyphosphate, but 
the peaks are broad and clearly not of melamine 
polyphosphate. This melamine • melam • melem double 
salt of a polyphosphate showed characteristic X-ray dif- 
fraction peaks as shown in Table 1. 



Table 1 



Characteristic X-ray diffraction peaks of 
the melamine • melam • melem double 
salt of a polyphosphate 


(anticathode: Cu-Ka) 


26 (°) 


Intensity ratio (l/l) 


8.2 


16 


14.8 


70 


18.3 


58 


26.7 


100 



[0088] This baked product had a pH of 6.72 as a 10 
wt% aqueous slurry (25°C). Further, the solubility (30 
minutes) in water (25°C) showed a very small value of 
0.03 g/100 ml. Likewise, the solubility (24 hours) in 
water (25°C) showed a very small value of 0.05 g/100 
ml. 

REFERENCE EXAMPLE 2 
Step (a) 

[0089] Into a 5 / universal mixer (made of stainless 
steel), 1386 g (11.0 mols) of melamine (manufactured 
by Nissan Chemical Industries, Ltd.) was taken, and 
890.9 g (sulfuric acid content: 5.0 mols) of an aqueous 
sulfuric acid solution having an sulfuric acid concentra- 
tion of 55 wt%, was added and mixed in 10 minutes 



under stirring. After completion of the addition, stirring 
was continued for further 30 minutes. The melamine 
was 2.0 mols per mol of the sulfuric acid content. By the 
addition of this aqueous sulfuric acid solution, remarka- 
5 ble heat generation took place, and steam was gener- 
ated. The obtained wet powder-like reaction product 
was 2030 g. 

Step (b) 

10 

[0090] 978.5 g of the wet powder-like reaction product 
obtained in step (a) was put into a stainless steel vat, 
and baking was carried out in an electric furnace at 
310°C as baking of the first stage. The temperature rais- 
15 ing time was such that the temperature became 310°C 
in about 1 hour, and the baking temperature was main- 
tained at 310°C for 2 hours. Certain agglomeration 
takes place due to dehydration, and to prevent such 
agglomeration, when the temperature of the baked 
20 product became 310°C I it was taken out, and the 
agglomerated one was disintegrated, whereupon the 
baking was continued. By the baking, sublimation of 
melamine and formation of ammonia due to decomposi- 
tion of melamine were observed. Further, as the second 
25 stage, the temperature was raised to 370°C (tempera- 
ture raising time: 15 minutes), and maintained at 370°C 
for 5 hours. By the baking, sublimation of melamine and 
formation of ammonia due to decomposition of mela- 
mine were remarkably observed. As a baked product, 
30 758.9 g was obtained. 

[0091 ] This baked product was cooled, and then, pul- 
verization was carried out by a pin disk mill. The 
obtained pulverized product had powder characteristics 
such that the bulk specific gravity was 0.6 g/ml and the 
35 average particle size was 3.2 u.m. 

[0092] As a result of the high performance liquid chro- 
matography with respect to this baked product, the base 
component comprised melam as the main component, 
and melamine was present in a very small amount. 
40 Melamine/melam/melem = 0.03/1 .00/0 (molar ratio). As 
a result of the elemental analysis, carbon was 22.8 wt%, 
nitrogen was 41.9 wt%, hydrogen was 3.76 wt% and 
phosphorus was 9.83 wt%. The ratio of the nitrogen 
atom was 1.84 mols per mol of the carbon atom in the 
45 baked product, which clearly agreed with the ratio of the 
nitrogen atom (theoretical value) of 1 .83 mols per mol of 
the carbon atom of the melam salt. Further, the mela- 
mine/sulf ur atom (molar ratio) was 1 .03/1 .0. 
[0093] As a result of the differential thermal analysis 
so of this baked product, no substantial weight reduction 
was observed up to 400°C, thus showing extremely 
good heat resistance. Further, abrupt decomposition 
occurred at 570°C, and this is believed to be attributable 
to decomposition of the melam salt. Accordingly, this 
55 baked product is considered to be dimelam pyrosulfate. 
As a result of the powder X-ray diffraction of this baked 
product, this dimelam pyrosulfate showed characteristic 
X-ray diffraction peaks as shown in Table 2. 
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Characteristic X-ray diffraction 
peaks of the dimelam pyrosulfate 


(anticathode: Cu-Ka) 


26 (°) 


Intensity ratio (l/l) 


10.6 


7 


19.6 


37 


21.3 


37 


27.4 


100 



[0094] This baked product had a pH of 3.31 as a 10 
wt% aqueous slurry (25°C). Further, the solubility (30 
minutes) in water (25°C) showed a very small value of 
0.02 g/100 ml. Likewise, the solubility (24 hours) in 
water (25°C) and the solubility (36 hours) in water 
(25°C) respectively showed a very small value of 0.02 
g/100 ml. 

EXAMPLE 1 



15 



Step (a) 

[0095] Into a 5 / universal mixer (made of stainless 
steel), 623.7 g (4.95 mols) of melamine (manufactured 
by Nissan Chemical Industries, Ltd.) was taken, and 
57.6 g (orthophosphoric acid content: 0.5 mol) of an 
aqueous orthophosphoric acid solution having an ortho- 
phosphoric acid concentration of 85 wt%, 206.3 g (sul- 
furic acid content: 2.0 mols) of concentrated sulfuric 
acid having a sulfuric acid concentration of 95 wt% and 
24.3 g of pure water, were added and mixed in 10 min- 
utes under stirring. After completion of the addition, stir- 
ring was continued for further 30 minutes. The 
melamine was 1.98 mols per mol of the total molar 
amount of the orthophosphoric acid content and the sul- 
furic acid content. The sulfuric acid content was 4 mols 
per mol of the orthophosphoric acid content. By the 
addition of this mixed aqueous solution comprising the 
aqueous orthophosphoric acid solution, concentrated 
sulfuric acid and water, remarkable heat generation 
took place, and steam was generated. The obtained wet 
powder-like reaction product was 844 g. 

Step (b) 

[0096] 500 g of the wet powder-like reaction product 
obtained in step (a) was put into a stainless steel vat, 
and baking was carried out at 340°C in an electric fur- 
nace as baking of the first stage. The temperature rais- 
ing time was such that the temperature became 340°C 
in about 1 hour, and the baking temperature was main- 
tained at 340°C for 4 hours. Certain agglomeration 



takes place due to dehydration, and to prevent such 
agglomeration, when the temperature of the baked 
product became 340°C. it was taken out, and the 
agglomerated one was disintegrated, whereupon the 

5 baking was continued. By the baking, sublimation of 
melamine and formation of ammonia due to decomposi- 
tion of melamine were observed. Further, as the second 
stage, the temperature was raised to 380°C (tempera- 
ture raising time: 15 minutes), and maintained at 380°C 

10 for 3 hours. By the baking, sublimation of melamine and 
formation of ammonia due to decomposition of mela- 
mine were remarkably observed. As the baked product, 
314.4 g was obtained. 

[0097] This baked product was cooled, and then pul- 
verization was carried out by a pin disk mill. The 
obtained pulverized product had powder characteristics 
such that the bulk specific gravity was 0.40 g/ml and the 
average particle size was 8.5 u.m. 
[0098] As a result of the high performance liquid chro- 
20 matography with respect to the obtained baked product, 
the base components comprised melamine and melam 
as the essential components, and melem was present 
in a very small amount. Melamine/melanVmelem = 
0.86/1 .00/0.04 (molar ratio). As a result of the elemental 
25 analysis, carbon was 21.46 wt%, nitrogen was 45.91 
wt%. hydrogen was 2.91 wt%. phosphorus was 2.05 
wt%, and sulfur was 8.31 wt%. With this baked product, 
as a result of the differential thermal analysis, no sub- 
stantial weight reduction was observed up to 350°C, 
30 thus showing very good heat resistance. 

[0099] This baked product showed crystallizability, 
and as a result of the powder X-ray diffraction, the prod- 
uct agreed with the dimelam pyrosulfate of Reference 
Example 2 and had a dimelam pyrosulfate structure. 
35 The presence of the melamine • melam • melem double 
salt of a polyphosphoric acid of Reference Example 1 , 
was not confirmed. 

[0100] This baked product had a pH of 2.45 as a 10 
wt% aqueous slurry (25°C). Further, the solubility (30 
40 minutes) in water (25°C) showed a very small value of 
0.05 g/100 ml. 

EXAMPLE 2 



45.. Step (a) 

[0101] Into a 5 / universal mixer (made of stainless 
steel), 623.7 g (4.95 mols) of melamine (manufactured 
by Nissan Chemical Industries, Ltd.) was taken, and 

50 172.9 g (orthophosphoric acid content: 1.5 mols) of an 
aqueous orthophosphoric acid solution having an ortho- 
phosphoric acid concentration of 85 wt% (manufactured 
by TOSOH CORPORATION), 1 54.7 g (sulfuric acid con- 
tent: 1.5 mols) of concentrated sulfuric acid having a 

55 sulfuric acid concentration of 95 wt%. and 1 8.2 g of pure 
water, were added and mixed in 10 minutes with stirring. 
After completion of the addition, stirring was continued 
for further 30 minutes. The melamine was 1 .65 mols per 
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mol of the total molar amount of the orthophosphoric 
acid content and the sulfuric acid content. The sulfuric 
acid content was 1 mol per mol of the orthophosphoric 
acid content. By the addition of this mixed aqueous 
solution comprising the aqueous orthophosphoric acid 
solution, concentrated sulfuric acid and water, remarka- 
ble heat generation took place, and steam was gener- 
ated. The obtained wet powder-like reaction product 
was 944 g. 

Step (b) 

[0102] 500 g of the wet powder-like reaction product 
obtained in step (a) was put into a stainless steel vat, 
and baking was carried out in an electric furnace at 
340°C as baking of the first stage. The temperature rais- 
ing time was such that the temperature became 340°C 
in about 1 hour, and the baking temperature was main- 
tained at 340°C for 4 hours. Certain agglomeration 
takes place due to dehydration, and to prevent such 
agglomeration, when the temperature of the baked 
product became 340°C, it was taken out, and the 
agglomerated one was disintegrated, whereupon the 
baking was continued. By the baking, sublimation of 
melamine and formation of ammonia due to decomposi- 
tion of melamine were observed. Further, as the second 
stage, the temperature was raised to 380°C (tempera- 
ture raising time: 15 minutes), and maintained at 380°C 
for 3 hours. By the baking, sublimation of melamine and 
formation of ammonia due to decomposition of mela- 
mine were remarkably observed. As the baked product, 
359 g was obtained. 

[01 03] This baked product was cooled, and then, pul- 
verization was carried out by a pin disk mill. The 
obtained pulverized product had powder characteristics 
such that the bulk specific gravity was 0.50 g/ml and the 
average particle size was 15 urn. 
[0104] As a result of the powder X-ray diffraction, the 
baked product where the blend formulation shown in 
this Example was melamine/orthophosphoric acid con- 
tent/sulfuric acid content (melamine/jahosphorus 
atom/sulfur atom) = 3.3/1.0/1.0 (molar ratio), showed 
crystal lizability. And, the characteristic X-ray diffraction 
peaks shown in Table 3, substantially agreed with the X- 
ray diffraction peaks of the dimelam pyrosulfate of Ref- 
erence Example 2, and it had a dimelam pyrosulfate 
structure. The presence of the structure of the mela- 
mine • melam * melem double salt of a polyphosphoric 
acid of Reference Example 1 , was not confirmed. 



Table 3 



20 



25 



30 



35 



40 



45 



5 


Characteristic X-ray diffraction 
peaks of the baked product of 
Example 2 




(anticathode: Cu-Ka) 


10 


2e (°) 


Intensity ratio (l/l) 


10.6 


12 




19.5 


42 




21.3 


44 


15 


27.3 


100 



50 



55 



[01 05] Further, as a result of the high performance liq- 
uid chromatography with respect to the baked product, 
the base components comprised melamine and melam 
as the main components, and melem was present in a 
very small amount. Melamine/melam/melem = 
0.58/1 .00/0.06 (molar ratio). As a result of the elemental 
analysis, carbon was 19.51 wt%, nitrogen was 43.78 
wt%, and hydrogen was 3.94 wt%. From this result, the 
ratio of the nitrogen atom was 1 .92 mols per mol of the 
carbon atom in the baked product. 
[01 06] This baked product was heated to 340°C by an 
apparatus for differential thermal analysis to carry out 
the elemental analysis of the heat-treated baked prod- 
uct, whereby carbon was 18.45 wt%, nitrogen was 
39.65 wt%, hydrogen was 4.01 wt%, phosphorus was 
6.04 wt%, and sulfur was 6.07 wt%. From this result, the 
ratio of the nitrogen atom was 1 .84 mols per mol of the 
carbon atom in the baked product. From this, it is 
assumed that the molar ratio of the nitrogen atom to the 
carbon atom in the baked product became high, since in 
the baked product, in addition to the melam salt, etc., 
ammonia formed by the decomposition of melamine, 
remained. In this baked product, carbon atom/phospho- 
rus atom/sulfur atom = 8.1 1/1 .03/1 .00 (molar ratio). 
[0107] This baked product had a pH of 2.65 as a 10 
wt% aqueous slurry (25°C). Further, the solubility (30 
minutes) in water (25°C) showed a very small value of 
0.05 g/100 ml. 

EXAMPLE 3 

Step (a) 

[0108] Into a 5 £ universal mixer (made of stainless 
steel), 693 g (5.5 mols) of melamine (manufactured by 
Nissan Chemical Industries, Ltd.) was taken, and a 
mixed aqueous solution comprising 1 15.3 g (orthophos- 
phoric acid content: 1 .0 mols) of an aqueous orthophos- 
phoric acid solution having an orthophosphoric acid 
concentration of 85 wt% (manufactured by TOSOH 
CORPORATION), 103.2 g (sulfuric acid content: 1.0 
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mol) of concentrated sulfuric acid having a sulfuric acid 
concentration of 95 wt% and 12 g of pure water, was 
added and mixed in 10 minutes under stirring. After 
completion of the addition, stirring was continued for fur- 
ther 30 minutes. The melamine was 2.75 mols per mol 5 
of the total molar amount of the orthophosphoric acid 
content and the sulfuric acid content. The sulfuric acid 
content was 1 mol per mol of the orthophosphoric acid 
content By the addition of this mixed aqueous solution 
comprising the aqueous orthophosphoric acid solution, 10 
concentrated sulfuric acid and water, remarkable heat 
generation took place, and steam was generated. The 
obtained wet powder-like reaction product was 960 g. 

Step (b) 15 

[0109] 480 g of the wet powder-like reaction product 
obtained in step (a) was put into a stainless steel vat, 
and baking was carried out at 340°C in an electric fur- 
nace as baking of the first stage. The temperature rais- 20 
ing time was such that the temperature became 340°C 
in about 1 hour, and the baking temperature was main- 
tained at 340°C for 5 hours. Certain agglomeration 
takes place due to dehydration, and to prevent such 
agglomeration, when the temperature of the baked 25 
product became 340°C. it was taken out, and the 
agglomerated one was disintegrated, whereupon the 
baking was continued. By the baking, sublimation of 
melamine and formation of ammonia due to decomposi- 
tion of melamine were observed. Further, as the second 30 
stage, the temperature was raised to 370°C (tempera- 
ture raising time: 15 minutes), and maintained at 370°C 
for 4 hours. By the baking, sublimation of melamine and 
formation of ammonia due to decomposition of mela- 
mine were remarkably observed. As the baked product, 35 
329.7 g was obtained. This baked product was cooled, 
and then, pulverization was carried out by a pin disk 
mill. The obtained pulverized product had powder char- 
acteristics such that the bulk specific gravity was 0.50 
g/ml and the average particle size was 1 4 um. *<> 
[0110] The baked product where the blend composi- 
tion shown in this Example was melamine/orthophos- 
phoric acid content/sulfuric acid content 
(melamine/phosphorus atom/sulfur atom) = 5.5/1.0/1.0 
(molar ratio), was crystallizable. and as a result of the 45- 
powder X-ray diffraction, was confirmed to be a new 
compound, as it did not agree with the X-ray diffraction 
peaks of melamine sulfate, melamine phosphate, 
dimelam pyrophosphate or a melamine • melam • me- 
lem double salt of a polyphosphoric acid. This new com- so 
pound showed characteristic X-ray diffraction peaks as 
shown in Table 4. 



Table 4 



Characteristic X-ray diffraction 
peaks of the baked product of 
Example 3 


(anticathode: Cu-Ka) 


26 (°) 


Intensity ratio (l/l) 


6.1 


28 


10.3 


31 


19.0 


68 


28.6 


100 



[01 1 1 ] As a result of the high performance liquid chro- 
matography of this compound, the . base components 
comprised melam and melamine as the main compo- 
nents, and melem was present in a very small amount. 
Melamine/melam/melem = 0.84/1.00/0.02 (molar ratio). 
As a result of the elemental analysis, carbon was 23.12 
wt%, nitrogen was 49.52 wt%, hydrogen was 4.08 wt%, 
phosphorus was 4.40 wt%, and sulfur was 4.37 wt%. 
The ratio of the nitrogen atom was 1 .84 mols per mol of 
the carbon atom in the baked product. 
[0112] This baked product was crystallizable, and 
from the result of the X-ray diffraction and the result of 
the elemental analysis, this compound was determined 
to be a melamine • melam • melem double salt of a poly- 
acid comprising phosphorus, sulfur and oxygen (carbon 
atom/phosphorus atom/sulfur atom = 14.1/1.04/1.00 
(molar ratio)). 

[01 1 3] The carbon atom/the phosphorus atom (molar 
ratio) of the melamine • melam • melem double salt of a 
polyphosphoric acid was 7.37/1.00 as the measured 
values of Reference Example 1, and the carbon 
atom/the sulfur atom (molar ratio) of the dimelam pyro- 
sulfate was 6.19/1.00 by the measured values in Refer- 
ence Example 2. Accordingly, if it is assumed that the 
melamine • melam • melem double salt of a polyacid 
comprising phosphorus, sulfur and oxygen is a double 
salt comprising one molecule of dimelam pyrosulfate 
and one molecule of a melamme • melam • melem dou- 
ble salt of a polyphosphoric acid, the carbon atom/the 
phosphorus atom/the sulfur atom (molar ratio) becomes 
to be 13.6/1/1, thus showing values close to the meas- 
ured values. This baked product is assumed to be a 
compound wherein the melamine • melam • melem dou- 
ble salt of a polyphosphoric acid and the dimelam pyro- 
sulfate were regularly bonded. 

[0114] As a result of the differential thermal analysis 
of this baked product, no substantial weight reduction 
was observed up to 350°C, and the product was very 
stable. Decomposition started from 400°C, and rapid 
heat generation and decomposition were observed at 
630°C. This abrupt decomposition at 630°C agrees with 
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the decomposition of melem. 

[0115] This baked product had a pH of 3.09 as a 10 
wt% aqueous slurry (25°C). Further, the solubility (30 
minutes) in water (25°C) showed a very small value of 
0.03g/100ml. < 

EXAMPLE 4 

Step (a) 

1 

[0116] Into a 5 / universal mixer (made of stainless 
steel), 623.7 g (4.95 mols) of melamine (manufactured 
by Nissan Chemical Industries, Ltd.) was taken, and a 
mixed aqueous solution comprising 57.6 g (orthophos- 
phoric acid content: 0.5 moi) of an aqueous orthophos- 7 
phoric acid solution having an orthophosphoric acid 
concentration of 85 wt% (manufactured by TOSOH 
CORPORATION) and 269.8 g (sulfuric acid content: 1 .5 
mols) of an aqueous ammonium hydrogensulfate solu- 
tion having an ammonium hydrogensulfate concentra- a 
tion of 64 wf&, was added and mixed in 10 minutes 
under stirring. After completion of the addition, stirring 
was continued for further 30 minutes. The melamine 
was 2.48 mols per mol of the total molar amount of the 
orthophosphoric acid content and the sulfuric acid con- 2£ 
tent. The sulfuric acid content was 3 mols per mol of the 
orthophosphoric acid content. By the addition of this 
mixed aqueous solution comprising the aqueous ortho- 
phosphoric acid solution, concentrated sulfuric acid and 
water, remarkable heat generation took place, and 30 
steam was generated. The obtained wet powder-like 
reaction product was 920 g. 

Step (b) 

35 

[0117] 460 g of the wet powder-like reaction product 
obtained in step (a) was put into a stainless steel vat, 
and baking was carried out at 340°C in an electric fur- 
nace as baking of the first stage. The temperature rais- 
ing time was such that the temperature became 340°C 40 
in about 1 hour, and the baking temperature was main- 
tained at 340°C for 5 hours. Certain agglomeration 
takes place due to dehydration, and to prevent such 
agglomeration, when the temperature of the baked 
product became 340°C, it was taken out, and the 45 
agglomerated one was disintegrated, whereupon the 
baking was continued. By the baking, sublimation of 
melamine and formation of ammonia due to decomposi- 
tion of melamine were observed. Further, as the second 
stage, the temperature was raised to 370°C (tempera- so 
ture raising time: 15 minutes), and maintained at 370°C 
for 3 hours. By the baking, sublimation of melamine and 
formation of ammonia due to decomposition of mela- 
mine were remarkably observed. As the baked product, 
320.5 g was obtained. This baked product was cooled. 55 
and then, pulverization was carried out by a pin disk 
mill. The obtained pulverized product had powder char- 
acteristics such that the bulk specific gravity was 0.45 



g/ml and the average particle size was 8.2 pm. 
[01 18] As a result of the high performance liquid chro- 
matography with respect to this baked product, the base 
components comprised melamine and melam as the 
main components, and melem was a subsidiary compo- 
nent. Melamine/melam/melem = 1.13/1.00/0.21 (molar 
ratio). As a result of the elemental analysis, carbon was 
22.48 wt%, nitrogen was 48.44 wt%, hydrogen was 3.63 
wt%, phosphorus was 2.39 wt%, and sulfur was 7.12 

7 Wt%. 

[0119] The baked product showed crystallizability, and 
as a result of the powder X-ray diffraction, it had the 
melamine • melam • melem double salt structure of a 
polyacid comprising phosphorus, sulfur and oxygen 
» (carbon atoms/phosphorus atom/sulfur atom = 
14.1/1.04/1.00 (molar ratio)) as disclosed in Example 3 
and the dimelam pyrophosphate structure. It is 
assumed to be a mixture of dimelam pyrosulfate and a 
melamine • melam • melem double salt of a polyacid 
comprising phosphorus, sulfur and oxygen. As a result 
of the differential thermal analysis, no substantial weight 
reduction was observed up to 350°C, and the obtained 
baked product showed excellent heat resistance. 
[0120] This baked product had a pH of 3.21 as a 10 
wt% aqueous slurry (25°C). Further, the solubility (30 
minutes) in water (25°C) showed a very small value of 
0.03 g/100 ml. 

EXAMPLE 5 

Step (a) 

[0121] Into a 10 £ Henschel mixer (made of stainless 
steel), 1 164.3 g (9.24 mols) of melamine (manufactured 
by Nissan Chemical Industries, Ltd.) was taken, and a 
mixed aqueous solution comprising 276.8 g (orthophos- 
phoric acid content: 2.4 mols) of an aqueous orthophos- 
phoric acid solution having an orthophosphoric acid 
concentration of 85 wt% (manufactured by TOSOH 
CORPORATION), 61 .9 g (sulfuric acid content: 0.6 mol) 
of concentrated sulfuric acid having a sulfuric acid con- 
centration of 95 wt%, and 7.3 g of pure water, was 
added and mixed in 10 minutes with stirring. After com- 
pletion of the addition, stirring was continued for further 
30 minutes. The melamine was 3.08 mols per mol of the 
total molar amount of the orthophosphoric acid content 
and the sulfuric acid content. The sulfuric acid content 
was 0.25 mol per mol of the orthophosphoric acid con- 
tent. By the addition of this mixed aqueous solution 
comprising the aqueous orthophosphoric acid solution, 
concentrated sulfuric acid and water, remarkable heat 
generation took place, and steam was generated. The 
obtained wet powder-like reaction product was 1512 g.' 

Step (b) 

[01 22] 907.2 g of the wet powder-like reaction product 
obtained in step (a), was put into a stainless steel vat, 
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and baking was carried out at 340°C in an electric fur- 
nace as baking of the f irst stage. The temperature rais- 
ing time was such that the temperature became 340°C 
in about 1 hour, and the baking temperature was main- 
tained at 340°C for 4 hours. Certain agglomeration 
takes place due to dehydration, and to prevent such 
agglomeration, when the temperature of the baked 
product became 340°C, it was taken out, and the 
agglomerated one was disintegrated, whereupon the 
baking was continued. By the baking, sublimation of 
melamine and formation of ammonia due to decomposi- 
tion of melamine were observed. Further, as the second 
stage, the temperature was raised to 370°C (tempera- 
ture raising time: 15 minutes) and maintained at 370°C 
for 4 hours. By the baking, sublimation of melamine and 
formation of ammonia due to decomposition of mela- 
mine were remarkably observed. As the baked product, 
61 1 .5 g was obtained. 

[0123] After cooling this baked product, pulverization 
was carried out by a pin disk mill. The obtained pulver- 
ized product had powder characteristics such that the 
bulk specific gravity was 0.50 g/ml and the average par- 
ticle size was 13 pm 

{0124J As a result of the powder X-ray diffraction, the 
baked product having the blend composition shown in 
this Example being melamine/orthophosphoric acid/sul- 
furic acid content (melamine/phosphorus atom/sulfur 
atom) = 15.4/4.0/1.0 (molar ratio), was crystalline and 
was confirmed to be a mixture comprising a small 
amount of the melamine • melam • melem double salt of 
a polyacid comprising phosphorus, sulfur and oxygen, 
as disclosed in Example 3 and a large amount of a 
melamine -melam -melem double salt of a polyphos- 
phoric acid. As a result of the high performance liquid 
chromatography, the base components comprised 
melamine and melam as the main components, and 
melem was present in a very small amount. Mela- 
mine/melam/melem = 1 .37/1 .00/0.02 (molar ratio). As a 
result of the elemental analysis, carbon was 23.67 wt%, 
nitrogen was 49.69 wt%, hydrogen was 3.74 wt%, phos- 
phorus was 7.20 wt%, and sulfur was 1.77 wt%. 
[0125] This baked product had a ratio of carbon 
atom/phosphorus atom/sulfur atom = 35.9/4.22/1.00 
(molar ratio). 

[0126] As a result of the differential thermal analysis 
of this baked product, it was found that the weight 
reduction was small up to 350°C (only a very small 
amount of adsorbed water is believed to be present), 
and decomposition started from 380°C and remarkable 
decomposition took place at 630°C. This rapid decom- 
position agrees with the decomposition of melam and 
melem and is remarkably different from the thermal 
decomposition behavior of melamine polyphosphate. 
[0127] This baked product had a pH of 4.10 as a 10 
wt% aqueous slurry (25°C). Further, the solubility (30 
minutes) in water (25°C) showed a very small value of 
0.03 g/100 ml. 



EXAMPLE 6 

[0128] Into a 10 I Henschel mixer (made of stainless 
steel), 1801 .8 g (14.3 mols) of melamine (manufactured 

5 by Nissan Chemical Industries, Ltd.) was taken, and a 
mixed aqueous solution comprising 51.6 g (sulfuric acid 
content: 0.5 mol) of concentrated sulfuric acid having a 
sulfuric acid concentration of 95 wt% and 46.4 g of pure 
water, was added and mixed in 10 minutes with stirring, 

10 followed by stirring for 30 minutes. Then, 465.2 g (ortho- 
phosphoric acid content: 4.0 mols) of an aqueous ortho- 
phosphoric acid solution having an orthophosphoric 
acid concentration of 85 wt% (manufactured by TOSOH 
CORPORATION), was added and mixed in 10 minutes. 

15 After completion of the addition, the stirring was contin- 
ued for further 30 minutes. The melamine was 3.18 
mols per mol of the total molar amount of the orthophos- 
phoric acid content and the sulfuric acid content. The 
sulfuric acid content was 0.125 mol per mol of the ortho- 

20 phosphoric acid content. By the addition of this mixed 
aqueous solution comprising the aqueous orthophos- 
phoric acid solution, concentrated sulfuric acid and 
water, remarkable heat generation took place, and 
steam was generated. The obtained wet powder-like 

25 reaction product was 1 1 30 g . 

Step (b) 

[01 29] 1 1 30 g of the wet powder-like reaction product 

30 obtained in step (a), was put into a stainless steel vat. 
and baking was carried out at 340°C in an electric fur- 
nace as baking of the first stage. The temperature rais- 
ing time was such that the temperature became 340°C 
in about 1 hour, and the baking temperature was main- 

35 tained at 340°C for 4 hours. Certain agglomeration 
takes place due to dehydration, and to prevent such 
agglomeration, when the temperature of the baked 
product became 340°C, it was taken out, and the 
agglomerated one was disintegrated, whereupon the 

40 baking was continued. By the baking, sublimation of 
melamine and formation of ammonia due to decomposi- 
tion of melamine were observed. Further, as the second 
stage, the temperature was raised to 370°C (tempera- 
ture raising time: 15 minutes) and maintained at 370°C 

45 for 4 hours. By the baking, sublimation of melamine and 
formation of ammonia due to decomposition of mela- 
mine were remarkably observed. As the baked product, 
755.2 g was obtained. 

[0130] This baked product was cooled, and then pul- 
so verization was carried out by a pin disk mill. The 
obtained pulverized product had powder characteristics 
such that the bulk specific gravity was 0.50 g/ml and the 
average particle size was 13.0 fim. 
[0131] As a result of the elemental analysis with 
55 respect to this baked product, carbon was 23.64 wt%, 
nitrogen was 50.34 wt%. hydrogen was 3.41 wt%, phos- 
phorus was 7.80 wt%, and sulfur was 1.00 wt%. 
[0132] As a result of the powder X-ray diffraction, it 
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was confirmed to be a mixture comprising a small 
amount of the melamine • melam • meiem double salt of 
a polyacid comprising phosphorus, sulfur and oxygen 
as disclosed in Example 3 and a large amount of a 
melamine • melam • melem double salt of a polyphos- 
phoric acid. 

[0133] As a result of the differential thermal analysis, 
no substantial weight reduction was observed up to 
350°C. and the obtained baked product showed excel- 
lent heat resistance. 

[0134] This baked product had a pH of 5.81 as a 10 
wt% aqueous slurry (25°C). Further, the solubility (30 
minutes) in water (25°C) showed a very small value of 
0.02 g/100 ml. 

EXAMPLE 7 

Step (a) 

[0135] Into a 10 / Henschel mixer (made of stainless 
steel), 1746.4 g (13.86 mols) of melamine (manufac- 
tured by Nissan Chemical Industries, Ltd.) was taken, 
and a mixed aqueous solution comprising 92.8 g (sulfu- 
ric acid content: 0.9 mol) of concentrated sulfuric acid 
having a sulfuric acid concentration of 95 wt%, and 54.1 
g of pure water, was added and mixed in 10 minutes 
with stirring, followed by stirring for 30 minutes. Then, 
415.1 g (orthophosphoric acid content: 3.6 mols) of an 
aqueous orthophosphoric acid solution having an ortho- 
phosphoric acid concentration of 85 wt%, was added 
and mixed in 10 minutes. After completion of the addi- 
tion, the stirring was continued for further 30 minutes. 
The melamine was 3.08 mols per mol of the total molar 
amount of the orthophosphoric acid content and the sul- 
furic acid content The sulfuric acid content was 0.25 
mol per mol of the orthophosphoric acid content. By the 
addition of this mixed aqueous solution comprising the 
aqueous orthophosphoric acid solution, concentrated 
sulfuric acid and water, remarkable heat generation 
took place, and steam was generated. The obtained wet 
powder-like reaction product was 2204 g. 

Step (b) 

[01 36] 1 1 02 g of the wet powder-like reaction product * 
obtained in step (a), was put into a stainless steel vat, 
and baking was carried out at 340°C in an electric fur- 
nace as baking of the first stage. The temperature rais- 
ing time was such that the temperature became 340°C 
in about 1 hour, and the baking temperature was main- s 
tained at 340°C for 4 hours. Certain agglomeration 
takes place due to dehydration, and to prevent such 
agglomeration, when the temperature of the baked 
product became 340°C, it was taken out and the 
agglomerated one was disintegrated, whereupon the 5 
baking was continued. By the baking, sublimation of 
melamine and formation of ammonia due to decomposi- 
tion of melamine were observed. Further, as the second 



stage, the temperature was raised to 370°C (tempera- 
ture raising time: 15 minutes) and maintained at 370°C 
for 4 hours. By the baking, sublimation of melamine and 
formation of ammonia due to decomposition of meia- 
5 mine were remarkably observed. As the baked product, 
750.3 g was obtained. 

[01 37] This baked product was cooled, and then, pul- 
verization was carried out by a pin disk mill. The 
obtained pulverized product had powder characteristics 
10 such that the bulk specific gravity was 0.42 g/ml and the 
average particle size was 1 1.0 um. 
[0138] As a result of the elemental analysis with 
respect to this baked product, carbon was 23.36 wt%, 
nitrogen was 49.77 wt%, hydrogen was 2.64 wt%, phos- 

15 phorus was 7.20 wt%, and sulfur was 1 .69 wt%. 

[0139] As a result of the powder X-ray diffraction, it 
was confirmed that the product was crystalline and con- 
firmed to be a mixture comprising a small amount of the 
melamine • melam • meiem double salt of a polyacid 

20 comprising phosphorus, sulfur and oxygen, as dis- 
closed in Example 3 and a large amount of a mela- 
mine • melam ■ melem double salt of a polyphosphoric 
acid. As a result of the differential thermal analysis, no 
substantial weight reduction was observed at 350°C, 

25 and the obtained baked product showed excellent heat 
resistance. 

[0140] This baked product had a pH of 4.84 as a 1 0% 
aqueous slurry (25°C). Further, the solubility in water 
(25°C) showed a very small value of 0.01 g/100 ml. 

30 

EXAMPLE 8 

[0141] Into a 5 t universal mixer (made of stainless 
steel), 693 g (5.5 mols) of melamine (manufactured by 

35 Nissan Chemical Industries, Ltd.) was taken, and a 
mixed aqueous solution comprising 1 15.3 g (orthophos- 
phoric acid content: 1.0 mol) of an aqueous orthophos- 
phoric acid solution having an orthophosphoric acid 
concentration of 85 wt% (manufactured by TOSOH 

to CORPORATION) and 206.4 g (sulfuric acid content: 1 .0 
mol) of an aqueous ammonium sulfate solution having 
an ammonium sulfate concentration of 64 wt%, was 
added and mixed in 10 minutes with stirring. After com- 
pletion of the addition, stirring was continued for further 

5 30 minutes. The melamine was 2.75 mols per mol of the 
total molar amount of the orthophosphoric acid content 
and the sulfuric acid content. The sulfuric acid content 
was 1 .0 mol per mol of the orthophosphoric acid con- 
tent By the addition of this mixed aqueous solution 

o comprising the aqueous orthophosphoric acid solution, 
concentrated sulfuric acid and water, remarkable heat 
generation took place, and steam was generated. The 
obtained wet powder-like reaction product was 984 g. 

> Step (b) 

[0142] 492 g of the wet powder-like reaction product 
obtained in step (a), was put into a stainless steel vat, 
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and baking was carried out at 340°C in an electric fur- 
nace as baking of the first stage. The temperature rais- 
ing time was such that the temperature became 340°C 
in about 1 hour, and the baking temperature was main- 
tained at 340°C for 5 hours. Certain agglomeration 
takes place due to dehydration, and to prevent such 
agglomeration, when the temperature of the baked 
product became 340°C, it was taken out, and the 
agglomerated one was disintegrated, whereupon the 
baking was continued. By the baking, sublimation of 
melamine and formation of ammonia due to decomposi- 
tion of melamine were observed. Further, as the second 
stage, the temperature was raised to 370°C (tempera- 
ture raising time: 15 minutes) and maintained at 370°C 
for 4 hours. By the baking, sublimation of melamine and 
formation of ammonia due to decomposition of mela- 
mine were remarkably observed. As the baked product. 
330 g was obtained. 

[0143] This baked product was cooled, and then, pul- 
verization was carried out by a pin disk mill. The 
obtained pulverized product had powder characteristics 
such that the bulk specific gravity was 0.50 g/ml and the 
average particle size was 14.0 fim. 
[0144] As a result of the elemental analysis with 
respect to this baked product, carbon was 22.60 wt%, 
nitrogen was 49.10 wt%, hydrogen was 4. 11 wt%, phos- 
phorus was 4.40 wt%. and sulfur was 4.37 wt%. 
[0145] As a result of the powder X-ray diffraction, the 
product was crystalline and confirmed to be the mela- 
mine • melam • melem double salt of a polyacid com- 
prising phosphorus, sulfur and oxygen as disclosed in 
Example 3. 

[0146] As a result of the differential thermal analysis, 
no substantial weight reduction was observed up to 
350°C, and the obtained baked product showed excel- 
lent heat resistance. 

[0147] This baked product had a pH of 2.78 as a 10 
wt% aqueous slurry (25°C). Further, the solubility in 
water (25°C) showed a very small value of 0.03 g/100 
ml. 

EXAMPLE 9 
Step (b) 

[0148] 500 g of the wet powder-like reaction product 
obtained in Example 5 was put into a stainless steel vat, 
and baking was carried out at 320°C in an electric fur- 
nace as baking of the first stage. The temperature rais- 
ing time was such that the temperature became 320°C 
in about 1 hour, and the baking temperature was main- 
tained at 320°C for 4 hours. Certain agglomeration 
takes place due to dehydration, and to prevent such 
agglomeration, when the temperature of the baked 
product became 320°C. it was taken out, and the 
agglomerated one was disintegrated, whereupon the 
baking was continued. By the baking, sublimation of 
melamine and formation of ammonia due to decomposi- 



tion of melamine were observed. Further, as the second 
stage, the temperature was raised to 380°C (tempera- 
ture raising time: 15 minutes) and maintained at 380°C 
for 3 hours. By the baking, sublimation of melamine and 

5 formation of ammonia due to decomposition of mela- 
mine were remarkably observed. As the baked product, 
330 g was obtained. This baked product was cooled, 
and then pulverization was carried out by a pin disk mill. 
The obtained pulverized product had powder character- 

10 istics such that the bulk specific gravity was 0.50/ml and 
the average particle size was 14.5 \im. 
[0149] As a result of the elemental analysis with 
respect to this baked product, carbon was 23.4 wt%, 
nitrogen was 50.10 wt%, hydrogen was 4.09 wt%, phos- 

75 phorus was 4.40 wt%, and sulfur was 1 .77 wt%. 

[01 50] As a result of the powder X-ray diffraction, the 
product was crystalline and confirmed to be a mixture 
comprising a small amount of the melamine • melam • 
melem double salt of a polyacid comprising phospho- 

20 rus, sulfur and oxygen as disclosed in Example 3 and a 
large amount of a melamine • melam • melem double 
salt of a polyphosphoric acid. 

[01 51 ] As a result of the differential thermal analysis, 
no substantial weight reduction was observed up to 
25 350°C, and the obtained baked product showed excel- 
lent heat resistance. 

[0152] This baked product had a pH of 3.87 as a 10 
wt% aqueous slurry (25°C). Further, the solubility in 
water (25°C) showed a very small value of 0.03 g/100 
30 ml. 

EXAMPLE 10 

Step (a) 

35 

[0153] Into a5 £ universal mixer (made of stainless 
steel), 623.7 g (4.95 mols) of melamine (manufactured 
by Nissan Chemical Industries, Ltd.) was taken, and 
345.9 g (orthophosphoric acid content: 3.0 mols) of an 

40 aqueous orthophosphoric acid solution having an ortho- 
phosphoric acid concentration of 85 wt% (manufactured 
by TOSOH CORPORATION), 77.4 g (sulfuric acid con- 
tent: 0.75 mol) of concentrated sulfuric acid having a 
sulfuric acid concentration of 95 wt% and 9.1 g of pure 

45 water, were added and mixed in 1 0 minutes with stirring. 
After completion of the addition, stirring was continued 
for further 30 minutes. The melamine was 1 .32 mols per 
mol of the total molar amount of the orthophosphoric 
acid content and the sulfuric acid content. The sulfuric 

so acid content was 0.25 per mol of the orthophosphoric 
acid content. By the addition of this mixed aqueous 
solution comprising the aqueous orthophosphoric acid 
solution, concentrated sulfuric acid and water, remarka- 
ble heat generation took place, and steam was gener- 

55 ated. The obtained wet powder-like reaction product 
was 1006 g. 
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Step (b) 

[0154] 500 g of the wet powder-like reaction product 
obtained in step (a) was put into a stainless steel vat, 
and baking was carried out at 340°C in an electric fur- 
nace as baking of the first stage. The temperature rais- 
ing time was such that the temperature became 340°C 
in about 1 hour, and the baking temperature was main- 
tained at 340°C for 4 hours. Certain agglomeration 
takes place due to dehydration, and to prevent such 
agglomeration, when the temperature of the baked 
product became 340°C, it was taken out, and the 
agglomerated one was disintegrated, whereupon the 
baking was continued. By the baking, sublimation of 
melamine and formation of ammonia due to decomposi- 
tion of melamine were observed. Further, as the second 
stage, the temperature was raised to 380°C (tempera- 
ture raising time: 15 minutes) and maintained at 370°C 
for 4 hours. By the baking, sublimation of melamine and 
formation of ammonia due to decomposition of mela- 
mine were remarkably observed. As the baked product, 
340.6 g was obtained. 

[0155] This baked product was cooled, and then pul- 
verization was carried out by a pin disk mill. The 
obtained pulverized product had powder characteristics 
such that the bulk specific gravity was 0.60 g/ml and the 
average particle size was 14 urn. 
[01 56] As a result of the high performance liquid chro- 
matography with respect to this baked product, the base 
components comprised melamine and melam as the 
main components, and melem was a subsidiary compo- 
nent. Melamine/melam/melem = 2.16/1.00/0.11 (molar 
ratio). As a result of the elemental analysis, carbon was 
1 8.68 wt%, nitrogen was 40.54 wt%, hydrogen was 3.64 
wt%, phosphorus was 11.93 wt%, and sulfur was 2.62 
wt%. 

[01 57] As a result of the powder X-ray diffraction, this 
baked product showed the X-ray diffraction peaks as 
identified in Table 5. 



Table 5 (continued) 



w 



X-ray diffraction peaks of the baked 
product of Example 10 



(anticathode: Cu-Ka) 



A 27.3 



92 



(note) O : melamine • melam • rnelem 
double salt of a polyphosphoric acid, a: 
dimelam pyrosulfate 



15 



20 



Table 5 



X-ray diffraction peaks of the baked 
product of Example 10 


(anticathode: Cu-Ka) 


26 H 


Intensity ratio (l/l) 


O 8.2 


20 


A 10.6 


16 


O 14.8 


76 


O 18.2 


70 


A 19.4 


41 


A 21.3 


51 


O 26.7 


86 



[01 58] This product showed crystallizability and had a 
structure of a melamine • melam • melem double salt of 
a polyphosphoric add and a structure of dimelam pyro- 
sulfate. It was a 1,3,5-triazine derivative salt mixture 
comprising a melamine • melam • melem double salt of 
a polyphosphoric acid and dimelam pyrosulfate. 
[0159] This baked product had a pH of 2.76 as a 10 
wt% aqueous slurry (25°C). Further, the solubility (30 
minutes) in water (25°C) showed a very small value of 
0.05 g/100ml. 

EXAMPLE 11 



25 Step (a) 



[0160] Into a 5 £ universal mixer (made of stainless 
steel), 1039.5 g (8.25 mols) of melamine (manufactured 
by Nissan Chemical Industries, Ltd.) was taken, and a 
mixed aqueous solution comprising 778.2 g (orthophos- 
phoric acid content: 6.75 mols) of an aqueous ortho- 
phosphoric acid solution having an orthophosphoric 
acid concentration of 85 wt% (manufactured by TOSOH 
CORPORATION) and 134.8 g (sulfuric acid content: 
0.75 mol) of concentrated sulfuric acid having a sulfuric 
acid concentration of 95 wt%, was added and mixed in 
1 0 minutes with stirring. After completion of the addition, 
the stirring was continued for further 30 minutes. The 
melamine was 1.1 mols per mol of the total molar 
amount of the orthophosphoric acid content and the sul- 
furic acid content. The sulfuric acid content was 0.11 
per mol of the orthophosphoric acid content. By the 
addition of this mixed aqueous solution comprising the 
aqueous orthophosphoric acid solution, concentrated 
sulfuric acid and water, remarkable heat generation 
took place, and steam was generated. The obtained wet 
powder-like reaction product was 1851 g. 



30 



35 



40 



45 



SO 



55 



Step (b) 

[0161] 500 g of the wet powder-like reaction product 
obtained in step (a) was put into a stainless steel vat, 
and baking was carried out at 340°C in an electric fur- 
nace as baking of the first stage. The temperature rais- 
ing time was such that the temperature became 340°C 
in about 1 hour, and the baking temperature was main- 
tained at 340°C for 4 hours. Certain agglomeration 
takes place due to dehydration, and to prevent such 
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agglomeration, when the temperature of the baked 
product became 340°C. it was taken out, and the 
agglomerated one was disintegrated, whereupon the 
baking was continued. By the baking, sublimation of 
melamine and formation of ammonia due to decomposi- 
tion of melamine were observed. Further, as the second 
stage, the temperature was raised to 380°C (tempera- 
ture raising time: 15 minutes) and maintained at 380°C 
for 5 hours. By the baking, sublimation of melamine and 
formation of ammonia due to decomposition of mela- 
mine were remarkably observed. As the baked product, 
308.2 was obtained. 

[0162] This baked product was cooled, and then, pul- 
verization was carried out by a pin disk mill. The 
obtained pulverized product had powder characteristics 
such that the bulk specific gravity was 0.63 g/ml and the 
average particle size was 13 ^im. 
[01 63] As a result of the high performance liquid chro- 
matography with respect to this baked product, the base 
components comprised melamine and melam as the 
main components, and melem was a subsidiary compo- 
nent. Melamine/melam/melem = 3.09/1.00/0.24 (molar 
ratio). As a result of the elemental analysis, carbon was 
16.30 wt%, nitrogen was 35.37 wt%. hydrogen was 2.04 
wt%, phosphorus was 15.60 wt%, and sulfur was 1.27 
wt%. 

[01 64] This baked product showed crystallizability and 
had a structure of a melamine • melam • melem double 
salt of a polyphosphoric acid and a structure of dimelam 
pyrosulfate. It was a 1 ,3,5-triazine derivative salt mixture 
comprising a melamine • melam • melem double salt of 
a polyphosphoric acid and dimelam pyrosulfate. 
[0165] As a result of the differential thermal analysis 
of this baked product, no substantial weight reduction 
was observed up to 350°C, and the product showed 
excellent heat resistance. 

[0166] This baked product had a pH of 2.34 as a 10 
wt% aqueous slurry (25°C). Further, the solubility (30 
minutes) in water (25°C) showed a very small value of 
0.05 g/100 ml. 

EXAMPLE 12 

Step (a) 

[0167] Into a 5 I universal mixer (made of stainless 
steel), 756 g (6.0 mols) of melamine (manufactured by 
Nissan Chemical Industries, Ltd.) was taken, and a 
mixed aqueous solution comprising 461.2 g (orthophos- 
phoric acid content: 4.0 mols) of an aqueous orthophos- 
phoric acid solution having an orthophosphoric acid 
concentration of 85 wt% (manufactured by TOSOH 
CORPORATION), 103.2 g (sulfuric acid content: 1.0 
mol) of concentrated sulfuric acid having a sulfuric acid 
concentration of 95 wt%. and 12.1 g of pure water, was 
added and mixed in 10 minutes with stirring. After com- 
pletion of the addition, stirring was continued for further 
30 minutes. The melamine was 1.2 mols per mol of the 



total molar amount of the orthophosphoric acid content 
and the sulfuric acid content The sulfuric acid content 
was 0.25 mol per mol of the orthophosphoric acid con- 
tent. By the addition of this mixed aqueous solution 
5 comprising the aqueous orthophosphoric acid solution, 
concentrated sulfuric acid and water, remarkable heat 
generation took place, and steam was generated. The 
obtained wet powder-like reaction product was 1259.2 

g. 

w [0168] Further, 1259.2 g (total amount) of this 
obtained wet powder-like reaction product was taken 
into a 10 l Henschel mixer, and 213.4 g (1.69 mols) of 
melamine (manufactured by Nissan Chemical Indus- 
tries, Ltd.) was added with stirring (2600 rpm), followed 

15 by stirring for 10 minutes. Then, a mixed aqueous solu- 
tion comprising 115.3 g (orthophosphoric acid content: 
1 .0 mol) of an aqueous orthophosphoric acid solution 
having an orthophosphoric acid concentration of 85 
wt% (manufactured by TOSOH CORPORATION), 25.8 

20 g (sulfuric acid content: 0.25 mol) of concentrated sulfu- 
ric acid having a sulfuric acid concentration of 95 wt% 
and 3.0 g of pure water, was added and mixed in 10 
minutes. By the addition of this mixed aqueous solution 
comprising the aqueous orthophosphoric acid solution, 

25 concentrated sulfuric acid and water, remarkable heat 
generation took place, and steam was generated. The 
obtained wet powder-like reaction product was 1800 g. 
The final blend composition of this wet powder-like reac- 
tion product was melamine/orthophosphoric acid/sulfu- 

30 ric acid content (melamine/phosphorus atom/sulfur 
atom) = 6.125/4.0/1 .0 (molar ratio). 

Step (b) 

35 [0169] 500 g of the wet powder-like reaction product 
obtained in step (a) was put into a stainless steel vat, 
and baking was carried out at 340°C in an electric fur- 
nace as baking of the first stage. The temperature rais- 
ing time was such that the temperature became 340°C 

40 in about 1 hour, and the baking temperature was main- 
tained at 340°C for 4 hours. Certain agglomeration 
takes place due to dehydration, and to prevent such 
agglomeration, when the temperature of the baked 
product became 340°C, it was taken out, and the 

45 . agglomerated, one was disintegrated, whereupon the 
baking was continued. By the baking, sublimation of 
melamine and formation of ammonia due to decomposi- 
tion of melamine were observed. Further, as the second 
stage, the temperature was raised to 380°C (tempera- 

50 ture raising time: 15 minutes) and maintained at 380°C 
for 5 hours. By the baking, sublimation of melamine and 
formation of ammonia due to decomposition of mela- 
mine were remarkably observed. As the baked product, 
342.9 g was obtained. 

55 [01 70] This baked product was cooled, and then, pul- 
verization was carried out by a pin disk mill. The 
obtained pulverized product had powder characteristics 
such that the bulk specific gravity was 0.60 g/ml and the 
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average particle size was 14 um. 
[01 71 ] As a result of the high performance liquid chro- 
matography with respect to this baked product, the base 
components comprised melamine and melam as the 
main components, and melem was a subsidiary compo- 
nent. As a result of the elemental analysis, carbon was 
1 9.32 wt%, nitrogen was 41 .66 wt%. hydrogen was 3.51 
wt%, phosphorus was 10.49 wt%, and sulfur was 2.39 
wt%. 

101 72] As a result of the powder X-ray diffraction, this 
baked product showed crystallizabiiity and had a struc- 
ture of a melamine • melam • melem double salt of a 
polyphosphoric acid and a structure of dimelam pyrosul- 
fate. It was a 1,3,5-triazine derivative salt mixture com- 
prising a melamine • melam • melem double salt of a 
polyphosphoric acid and dimelam pyrosulfate. 
[0173] As a result of the differential thermal analysis, 
no substantial weight reduction was observed up to 
350°C, and the obtained baked product showed excel- 
lent heat resistance. 

[0174] This baked product had a pH of 2.78 as a 10 
wt% aqueous slurry (25°C). Further, the solubility (30 
minutes) in water (25°C) showed a very small value of 
0.03g/100ml. 

EXAMPLE 13 

Step (a) 

[0175] Into a 5 t universal mixer (made of stainless 
steel), 1663.2 g (13.2 mols) of melamine (manufactured 
by Nissan Chemical Industries, Ltd.) was taken, and a 
mixed aqueous solution comprising 206.3 g (sulfuric 
acid content: 2.0 mol) of concentrated sulfuric acid hav- 
ing a sulfuric acid concentration of 95 wt% and 120.3 g 
of pure water, was added and mixed in 10 minutes with 
stirring, and stirred for 30 minutes. Then, 922.4 g (ortho- 
phosphoric acid content: 8.0 mols) of an aqueous ortho- 
phosphoric acid solution having an orthophosphoric 
acid concentration of 85 wt% (manufactured by TOSOH 
CORPORATION) was added and mixed in 10 minutes. 
After completion of the addition, stirring was continued 
for further 30 minutes. The melamine was 1.32 mols per 
mol of the total molar amount of the orthophosphoric 
acid content and the sulfuric acid content. The sulfuric 
acid content was 0.25 mol per mol of the orthophos- 
phoric acid content. By the addition of this mixed aque- 
ous solution comprising the aqueous orthophosphoric 
acid solution, concentrated sulfuric acid and water, 
remarkable heat generation took place, and steam was 
generated. The obtained wet powder-like reaction prod- 
uct was 2700 g. 

Step (b) 

[0176] 1 1 00 g of the wet powder-like reaction product 
obtained in step (a) was put into a stainless steel vat, 
and baking was carried out at 340°C in an electric fur- 
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nace as baking of the first stage. The temperature rais- 
ing time was such that the temperature became 340°C 
in about 1 hour, and the baking temperature was main- 
tained at 340°C for 4 hours. Certain agglomeration 

5 takes place due to dehydration, and to prevent such 
agglomeration, when the temperature of the baked 
product became 340°C. it was taken out, and the 
agglomerated one was disintegrated, whereupon the 
baking was continued. By the baking, sublimation of 

to melamine and formation of ammonia due to decomposi- 
tion of melamine were observed. Further, as the second 
stage, the temperature was raised to 370°C (tempera- 
ture raising time: 15 minutes) and maintained at 370°C 
for 4 hours. By the baking, sublimation of melamine and 

15 formation of ammonia due to decomposition of mela- 
mine were remarkably observed. As the baked product, 
767.8 g was obtained. 

[01 77] This baked product was cooled, and then, pul- 
verization was carried out by a pin disk mill. The 

20 obtained pulverized product had powder characteristics 
such that the bulk specific gravity was 0.45 g/ml and the 
average particle size was 12 jim. 
[01 78] As a result of the high performance liquid chro- 
matography with respect to this baked product, the base 

25 components comprised melamine and melam as the 
main components, and melem was a subsidiary compo- 
nent. As a result of the elemental analysis, carbon was 
1 8.87 wt%, nitrogen was 40.95 wt%, hydrogen was 3.44 
wt%, phosphorus was 1 1 .91 wt%, and sulfur was 2.66 

30 Wt%. 

[01 79] As a result of the powder X-ray diffraction, this 
baked product showed crystallizabiiity and had a struc- 
ture of a melamine • melam • melem double salt of a 
polyphosphoric acid and a structure of dimelam pyrosul- 

35 fate. It was a 1 ,3,5-triazine derivative salt mixture com- 
prising a melamine • melam • melem double salt of a 
polyphosphoric acid and dimelam pyrosulfate. 
[0180] As a result of the differential thermal analysis, 
no substantial weight reduction was observed up to 

40 350°C, and the obtained baked product showed excel- 
lent heat resistance. 

[0181] This baked product had a pH of 2.85 as a 10 
wt% aqueous slurry (25°C). Further, the solubility (30 
minutes) in water (25°C) showed a very small value of 
45 0.03g/100 ml. 

COMPARATIVE EXAMPLE 1 

Step (b) 

50 

[0182] 500 g of the wet powder-like reaction product 
obtained in Example 10 was put into a stainless steel 
vat, and baking was carried out at 300°C in an electric 
furnace. The temperature raising time was such that the 
55 temperature became 300°C in about 1 hour, and then 
baking temperature was maintained at 300°C for 5 
hours. Certain agglomeration takes place due to dehy- 
dration, and to prevent such agglomeration, when the 
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temperature of the baked product became 300°C, it was 
taken out, and the agglomerated one was disintegrated, 
whereupon the baking was continued. By the baking, 
sublimation of melamine and formation of ammonia due 
to decomposition of melamine were observed. As the 
baked product, 350 g was obtained. 
[01 83] This baked product was subjected to pulveriza- 
tion by a pin disk mill. The pulverized product had a 
powder characteristic of an average particle size of 12 
pm 

[0184] As a result of the elemental analysis with 
respect to this baked product, carbon was 18.76 wt%, 
nitrogen was 42.92 wt%, hydrogen was 3.86 wt%, phos- 
phorus was 11.89 wt%, and sulfur was 2.62 wt%. The 
proportion of the nitrogen atom was 1 .96 mols per mol 
of the carbon atom in the baked product, and when the 
nitrogen atom/carbon atom (molar ratio) was calculated 
as a mixture of melamine a polyphosphoric acid and 
dimelam pyrosulfate from the phosphorus atom/sulfur 
atom (molar ratio) of this baked product being 4.68, it 
became 1 .95, which substantially agreed. 
[0185] As a result of the differential thermal analysis, 
a weight reduction of 10 wt% was observed up to 
350°C, and the obtained baked product had poor heat 
resistance. 

[0186] This baked product had a pH of 3.24 as a 10 
wt% aqueous slurry (25°C). Further, the solubility (30 
minutes) in water (25°C) was 0.05/100 ml. 

COMPARATIVE EXAMPLE 2 

Step (a) 

[0187] Into a 5 t universal mixer (made of stainless 
steel), 434.7 g (3.45 mols) of melamine (manufactured 
by Nissan Chemical Industries, Ltd.) was taken, and 
345.9 g (orthophosphoric acid content: 3.0 mols) of an 
aqueous orthophosphoric acid solution having an ortho- 
phosphoric acid concentration of 85 wt% (manufactured 
by TOSOH CORPORATION), 77.4 g (sulfuric acid con- 
tent: 0.75 mol) of concentrated sulfuric acid having a 
sulfuric acid concentration of 95 wt% and 9.1 g of pure 
water were added and mixed in 10 minutes with stirring. 
After completion of the addition, stirring was continued 
for further 30 minutes. The melamine was 0,92 mol per 
mol of the total molar amount of the orthophosphoric 
acid content and the sulfuric acid content. The sulfuric 
acid content was 0.25 mol per mol of the orthophos- 
phoric acid content. By the addition of this mixed aque- 
ous solution comprising the aqueous orthophosphoric 
acid solution, concentrated sulfuric acid and water, 
remarkable heat generation took place, and steam was 
generated. The obtained wet powder-like reaction prod- 
uct was 1006 g. 

Step (b) 

[0188] 500 g of the wet powder-like reaction product 



obtained in step (a) was put into a stainless steel vat, 
and baking was carried out at 340°C in an electric fur- 
nace as baking of the first stage. The temperature rais- 
ing time was such that the temperature became 340°C 

; in about 1 hour, and the baking temperature was main- 
tained at 340°C for 4 hours. Certain agglomeration 
takes place due to dehydration, and to prevent such 
agglomeration, when the temperature of the baked 
product became 340°C, it was taken out, and the 

w agglomerated one was disintegrated, whereupon the 
baking was continued. By the baking, sublimation of 
melamine and formation of ammonia due to decomposi- 
tion of melamine were observed. Further, as the second 
stage, the temperature was raised to 370°C (tempera- 

15 ture raising time: 15 minutes) and maintained at 370°C 
for 3 hours. By the baking, sublimation of melamine and 
formation of ammonia due to decomposition of mela- 
mine were remarkably observed. Further, due to the 
baking, the surface became blackish due to a formed 

20 polyphosphoric acid, and the baked product adhered 
substantially to the stainless steel vat, and remarkable 
corrosion of the stainless steel vat took place, and with 
this blend composition, the production was not possible. 

25 IMni JSTRIAL APPLICABILITY 

[0189] The baked products obtained by the present 
invention were confirmed to be 1 ,3,5-triazine derivative 
salts of polyacids comprising phosphorus, sulfur and 
30 oxygen and their mixtures, by the elemental analyses, 
the powder X-ray diffraction and the differential thermal 
analyses. 

[01 90] The 1 ,3,5-triazine derivative salts of polyacids 
comprising phosphorus, sulfur and oxygen and their 

35 mixtures, of the present invention, are excellent in heat 
resistance and water resistance and also excellent in 
the powder characteristics such as pulverizability, dis- 
persibility and flowabiiity. Further, such 1 ,3,5-triazine 
derivative salts and their mixtures have high dimelam 

40 temperatures, and the temperature for desorbing (vola- 
tilization) of phosphoric acid are lower than melamine 
polyphosphate. Accordingly, the baked products of the 
present invention will show very high flame retardancy 
when used alone or in combination with other phospho- 

45 rus-type flame retardants. 

[0191] 1 ,3,5-triazine derivative salts of polyacids com- 
prising phosphorus, sulfur and oxygen and their mix- 
tures, according to the present invention, are useful as 
flame retardants for a wide range of resins including 

so thermosetting resins such as phenol resins, epoxy res- 
ins, polyurethanes and unsaturated polyesters, thermo- 
plastic resins such as polyamides, aromatic 
polyamides, polyethylene oxides, polycarbonates, poly- 
olefins (such as polyethylene, polypropylene and poly- 

55 styrene). polyphenylene ethers. modified 
polyphenylene ethers, rubber-modified styrene acrylo- 
nitrile-butadiene-styrene (ABS), polyesters, polysul- 
fones, polybutylene terephthalates and polyvinyl 
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chlorides, and their copolymers and alloys. Further, they 
are useful as flame retardants for e.g. molded products 
of these resins, resin-containing coating materials or 
adhesives, fibers and fiber products. 
The 1,3,3-triazine derivative salts of polyacids compris- $ 
ing phosphorus, sulfur and oxygen and their mixtures, 
according to the present invention, can be used in com- 
bination with those which are commonly used for the 
production of plastic materials, such as reinforcing 
agents, heat stabilizers, photo stabilizers, antioxidants, \o 
antistatic agents, pigments, fillers, lubricants, plasticiz- 
ers or coupling agents for glass fibers, carbon fibers or 
potassium titanate whiskers. Further, the baked prod- 
ucts of the present invention can be used in combina- 
tion with other phosphorus type flame retardants, 75 
bromine type flame retardants or inorganic type flame 
retardants such as aluminum hydroxide or magnesium 
hydroxide. 

[0192] Further, the 1,3,5-triazine derivative salts of 
polyacids comprising phosphorus, sulfur and oxygen 20 
and their mixtures, according to the present invention, 
can be used also as resin stabilizers in addition to flame 
retardants. 

Claims 25 

1. A 1,3,5-triazine derivative salt of a polyacid com- 
prising phosphorus, sulfur and oxygen, which has a 
solubility of from 0.01 to 0.10 g/100 ml in water 
(25°C) and a pH of from 2.0 to 7.0 as a 10 wt% 30 
aqueous slurry (25°C), and which is obtained from 
the following steps (a) and (b): 

(a) a step of obtaining a reaction product by 
mixing melamine, phosphoric acid and sulfuric 35 
acid at a temperature of from 0 to 330°C in 
such ratios that the melamine is from 1 .0 to 4.0 
mols per mol of the total molar amount of the 
phosphoric acid (as calculated as orthophos- 
phoric acid content) and the sulfuric acid (as 40 
sulfuric acid content), and the sulfuric acid (as 
sulfuric acid content) is from 0.05 to 20 mols 
per mol of the phosphoric acid (as calculated 

as orthophosphoric acid content), and 

(b) a step of baking the reaction product 45 
obtained in step (a) at a temperature of from 
340 to 400°C for from 0.1 to 30 hours. 

2. A melamine • melam • melem double salt of a poly- 
acid comprising phosphorus, sulfur and oxygen, so 
according to Claim 1 , which has a solubility of from 
0.01 to 0.10 g/100 ml in water (25°C), a pH of from 
2.5 to 4.5 as a 10 wt% aqueous slurry (25°C). a sul- 
fur atom content of 1 mol per mol of the phosphorus 
atom, and characteristic X-ray diffraction peaks at 55 
26 (±0.2°) of 6.1°. 10.3°, 19.0° and 28.60 in the 
powder X-ray diffraction (anticathode: Cu-Kct) and 
which is obtained from the following steps (a) and 



(b): 

(a) a step of obtaining a reaction product by 
mixing melamine, phosphoric acid and sulfuric 
acid at a temperature of from 0 to 330°C in 
such ratios that the melamine is from 2.0 to 4.0 
mols per mol of the total molar amount of the 
phosphoric acid (as calculated as orthophos- 
phoric acid content) and the sulfuric acid (as 
sulfuric acid content), and the sulfuric acid (as 
sulfuric acid content) is 1 mol per mol of the 
phosphoric acid (as calculated as orthophos- 
phoric acid content), and 

(b) a step of baking the reaction product 
obtained in step (a) at a temperature of from 
340 to 400°C for from 0.1 to 30 hours. 

3. A 1 ,3,5-triazine derivative salt mixture comprising a 
melamine • melam • melem double salt of a 
polyphosphoric acid and a melamine • melam • me- 
lem double salt of a polyacid comprising phospho- 
rus, sulfur and oxygen, according to Claim 1, which 
has a solubility of from 0.01 to 0.10 g/100 ml in 
water (25°C), a pH of from 2.5 to 7.0 as a 10 wt% 
aqueous slurry (25°C), and characteristic X-ray dif- 
fraction peaks at 20 (±0.2°) of 6.1°, 8.2°, 10.3°, 
14.8°. 18.2°, 19.0°, 26.7° and 28.6° in the powder 
X-ray diffraction (anticathode: Cu-Ka) and which is 
obtained from the following steps (a) and (b): 

(a) a step of obtaining a reaction product by 
mixing melamine, phosphoric acid and sulfuric 
acid at a temperature of from 0 to 330°C in 
such ratios that the melamine is from 2.0 to 4.0 
mols per mol of the total molar amount of the 
phosphoric acid (as calculated as orthophos- 
phoric acid content) and the sulfuric acid (as 
sulfuric acid content), and the sulfuric acid (as 
sulfuric acid content) is from 0.05 to 0.9 mol per 
mol of the phosphoric acid (as calculated as 
orthophosphoric acid content), and 

(b) a step of baking the reaction product 
obtained in step (a) at a temperature of from 
340 to 400°C for from 0.1 to 30 hours. 

k A 1,3,5-triazine derivative salt mixture comprising 
dimelam pyrosulfate and a melamine • melam • me- 
lem double salt of a polyacid comprising phospho- 
rus, sulfur and oxygen, according to Claim 1, which 
has a solubility of from 0.01 to 0.10 g/100 ml in 
water (25°C), a pH of from 2.5 to 4.5 as a 10 wt% 
aqueous slurry (25°C), and characteristic X-ray dif- 
fraction peaks at 2e (±0.2°) of 6.1°, 10.3°. 10.6°, 
19.0°, 19.5°, 21.3°, 27.3° and 28.6° in the powder 
X-ray diffraction (anticathode: Cu-Ka) and which is 
obtained from the following steps (a) and (b): 

(a) a step of obtaining a reaction product by 
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mixing melamine. phosphoric acid and sulfuric 
acid at a temperature of from 0 to 330°C in 
such ratios that the melamine is from 2.0 to 4.0 
mols per mol of the total molar amount of the 
phosphoric acid (as calculated as orthophos- 5 
phoric acid content) and the sulfuric acid (as 7. 
sulfuric acid content), and the sulfuric acid (as 
sulfuric acid content) is from 1.1 to 20 mol per 
mol of the phosphoric acid (as calculated as 
orthophosphoric acid content), and 10 
(b) a step of baking the reaction product 
obtained in step (a) at a temperature of from 
340 to 400°C for from 0.1 to 30 hours. 

5. A melamine • melam • melem double salt of a poly- is 
acid comprising phosphorus, sulfur and oxygen, 
according to Claim 1 , which has a solubility of from 
0.01 to 0.10 g/1 00 ml in water (25°C), a pH of from 

2.5 to 4.5 as a 10 wt% aqueous slurry (25°C), and 
a dimelam pyrosulfate structure represented by 20 
characteristic X-ray diffraction peaks at 20 (±0.2°) 
of 10.6°, 19.5°. 21.3° and 27.3° in the powder X-ray 
diffraction (anticathode: Cu-Ka) and which is 
obtained from the following steps (a) and (b): 

25 

(a) a step of obtaining a reaction product by 
mixing melamine, phosphoric acid and sulfuric 

acid at a temperature of from 0 to 330°C in 8. 
such ratios that the melamine is from 1 .0 to 1 .9 
mols per mol of the total molar amount of the 30 
phosphoric acid (as calculated as orthophos- 
phoric acid content) and the sulfuric acid (as 
sulfuric acid content), and the sulfuric acid (as 
sulfuric acid content) is from 1 .0 to 20 mol per 
mol of the phosphoric acid (as calculated as 35 
orthophosphoric acid content), and 

(b) a step of baking the reaction product 
obtained in step (a) at a temperature of from 
340 to 400°C for from 0.1 to 30 hours. 

40 

6. A 1,3,5-triazine derivative salt mixture comprising 
dimelam pyrosulfate and a melamine • melam • me- 
lem double salt of a polyphosphoric acid, according 
to Claim 1, which has a solubility of from 0.01 to 
0.10 g/100ml in .water, (25°C), a pH oHrprn2.0 to 45 
7.0 as a 10 wt% aqueous slurry (25°C), and which 

is obtained from the following steps (a) and (b): 

(a) a step of obtaining a reaction product by 
mixing melamine, phosphoric acid and sulfuric so 
acid at a temperature of from 0 to 330°C in 
such ratios that the melamine is from 1 .0 to 1 .9 
mols per mol of the total molar amount of the 
phosphoric acid (as calculated as orthophos- 
phoric acid content) and the sulfuric acid (as 55 9. 
sulfuric acid content), and the sulfuric acid (as 
sulfuric acid content) is from 0.05 to 0.9 mol per 
mol of the phosphoric acid (as calculated as 



orthophosphoric acid content), and 
(b) a step of baking the reaction product 
obtained in step (a) at a temperature of from 
340 to 400°C for from 0.1 to 30 hours. 

A process for producing a 1,3,5-triazine derivative 
salt of a polyacid comprising phosphorus, sulfur 
and oxygen, which has a solubility of from 0.01 to 
0.10 g/1 00 ml in water (25°C), and a pH of from 2.0 
to 7.0 as a 10 wt% aqueous slurry (25°C) ( which 
process comprises the following steps (a) and (b): 

(a) a step of obtaining a reaction product by 
mixing melamine, phosphoric acid and sulfuric 
acid at a temperature of from 0 to 330°C in 
such ratios that the melamine is from 1 .0 to 4.0 
mols per mol of the total molar amount of the 
phosphoric acid (as calculated as orthophos- 
phoric acid content) and the sulfuric acid (as 
sulfuric acid content), and the sulfuric acid (as 
sulfuric acid content) is from 0.05 to 20 mol per 
mol of the phosphoric acid (as calculated as 
orthophosphoric acid content), and 

(b) a step of baking the reaction product 
obtained in step (a) at a temperature of from 
340 to 400°C for from 0.1 to 30 hours. 

A process for producing a melamine • melam • me- 
lem double salt of a polyacid comprising phospho- 
rus, sulfur and oxygen, which has a solubility of 
from 0.01 to 0.10 g/100 ml in water (25°), a pH of 
from 2.5 to 4.5 as a 10 wt% aqueous slurry (25°C), 
a sulfur atom content of 1 mol per mol of the phos- 
phorus atom, and characteristic X-ray diffraction 
peaks at 20 (±0.2°) of 6.1°, 10.3°, 19.0° and 28.6° in 
the powder X-ray diffraction (anticathode: Cu-Ka), 
according to Claim 7, which process comprises the 
following steps (a) and (b): 

(a) a step of obtaining a reaction product by 
mixing melamine, phosphoric acid and sulfuric 
acid at a temperature of from 0 to 330°C in 
such ratios that the melamine is from 2.0 to 4.0 
mols per mol of the total molar amount of the 
phosphoric acid (as calculated as orthophos- 
phoric acid content) and the sulfuric acid (as 
sulfuric acid content), and the sulfuric acid (as 
sulfuric acid content) is 1 mol per mol of the 
phosphoric acid (as calculated as orthophos- 
phoric acid content), and 

(b) a step of baking the reaction product 
obtained in step (a) at a temperature of from 
340 to 400°C for from 0.1 to 30 hours. 

A process for producing a 1 ,3,5-triazine derivative 
salt mixture comprising a melamine • melam • me- 
lem double salt of a polyphosphoric acid and a 
melamine • melam • melem double salt of a poly- 
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acid comprising phosphorus, sulfur and oxygen, 
which has a solubility of from 0.01 to 0.10 g/100 ml 
in water (25°C). a pH of from 2.5 to 7.0 as a 10 wt% 
aqueous slurry (25°C), and characteristic X-ray dif- 
fraction peaks at 26 (±0.2°) of 6.1°, 8.2°, 10.3°, 5 
14.8°, 18.2°, 19.0°, 26.7° and 28.6° in the powder 
X-ray diffraction (anticathode: Cu-Ka), according to 
Claim 7, which process comprises the following 
steps (a) and (b): 

10 

(a) a step of obtaining a reaction product by 
mixing melamine, phosphoric acid and sulfuric 
acid at a temperature of from 0 to 330°C in 
such ratios that the melamine is from 2.0 to 4.0 
mols per mol of the total molar amount of the is 
phosphoric acid (as calculated as orthophos- 
phoric acid content) and the sulfuric acid (as 
sulfuric acid content), and the sulfuric acid (as 
sulfuric acid content) is from 0.05 to 0.9 mol per 
mol of the phosphoric acid (as calculated as 20 
orthophosphoric acid content), and 

(b) a step of baking the reaction product 
obtained in step (a) at a temperature of from 
340 to 400°C for from 0.1 to 30 hours. 

25 

10. A process for producing a 1,3,5-triazine derivative 
salt mixture comprising dimelam pyrosulfate and a 
melamine • melam -melem double salt of a poly- 
acid comprising phosphorus, sulfur and oxygen, 
which has a solubility of from 0.01 to 0.10 g/100 ml 30 
in water (25°C), a pH of from 2.5 to 4.5 as a 1 0 wt% 
aqueous slurry (25°C), and characteristic X-ray dif- 
fraction peaks at 29 (±0.2°) of 6.1°, 10.3°. 10.6°, 
19.0°, 19.5°, 21.3°. 27.3° and 28.6° in the powder 
X-ray diffraction (anticathode: Cu-Ka), according to 35 
Claim 7, which process comprises the following 
steps (a) and (b): 

(a) a step of obtaining a reaction product by 
mixing melamine, phosphoric acid and sulfuric 40 
acid at a temperature of from 0 to 330°C in 
such ratios that the melamine is from 2.0 to 4.0 
mols per mol of the total molar amount of the 
phosphoric acid (as calculated as orthophos- 
phoric acid content) and the sulfuric acid (as 45 
sulfuric acid content), and the sulfuric acid (as 
sulfuric acid content) is from 1.1 to 20 mol per 
mol of the phosphoric acid (as calculated as 
orthophosphoric acid content), and 

(b) a step of baking the reaction product so 
obtained in step (a) at a temperature of from 
340 to 400°C for from 0.1 to 30 hours. 

11. A process for producing a melamine • melam • me- 
lem double salt of a polyacid comprising phospho- 55 
rus, sulfur and oxygen, which has a solubility of 
from 0.01 to 0.10 g/100 ml in water (25°C), a pH of 
from 2.5 to 4.5 as a 10 wt% aqueous slurry (25°C), 



and a dimelam pyrosulfate structure represented by 
characteristic X-ray diffraction peaks at 20 (±0.2°) 
of 10.6°, 19.5°, 21.3° and 27.3° in the powder X-ray 
diffraction (anticathode: Cu-Ka), according to Claim 
7, which process comprises the following steps (a) 
and (b): 

(a) a step of obtaining a reaction product by 
mixing melamine, phosphoric acid and sulfuric 
acid at a temperature of from 0 to 330°C in 
such ratios that the melamine is from 1 .0 to 1 .9 
mols per mol of the total molar amount of the 
phosphoric acid (as calculated as orthophos- 
phoric acid content) and the sulfuric acid (as 
sulfuric acid content), and the sulfuric acid (as 
sulfuric acid content) is from 1.0 to 20 mol per 
mol of the phosphoric acid (as calculated as 
orthophosphoric acid content), and 

(b) a step of baking the reaction product 
obtained in step (a) at a temperature of from 
340 to 400°C for from 0.1 to 30 hours. 

12. A process for producing a 1,3,5-triazine derivative 
salt mixture comprising dimelam pyrosulfate and a 
melamine polyphosphate • melam • mel em double 
salt which has a solubility of from 0.01 to 0.10 
g/1 00 ml in water (25°C), a pH of from 2.0 to 7.0 as 
a 10 wt% aqueous slurry (25°C). according to 
Claim 7, which comprises the following steps (a) 
and (b): 

(a) a step of obtaining a reaction product by 
mixing melamine, phosphoric acid and sulfuric 
acid at a temperature of from 0 to 330°C in 
such ratios that the melamine is from 1 .0 to 1 .9 
mols per mol of the total molar amount of the 
phosphoric acid (as calculated as orthophos- 
phoric acid content) and the sulfuric acid (as 
sulfuric acid content), and the sulfuric acid (as 
sulfuric acid content) is from 0.05 to 0.9 mol per 
mol of the phosphoric acid (as calculated as 
orthophosphoric acid content), and 

(b) a step of baking the reaction product 
obtained in step (a) at a temperature of from 
340 to 400°C for from 0.1 to 30 hours. 

13. The process according to any one of Claims 7 to 
12, wherein in step (a), the phosphoric acid is an 
aqueous orthophosphoric acid solution having an 
orthophosphoric acid concentration of at least 50 
wt%, and the sulfuric acid is an aqueous sulfuric 
acid solution having a sulfuric acid concentration of 
at least 50 wt%. 

14. The process according to any one of Claims 7 to 
12, wherein in step (a), the mixing is carried out at 
a temperature of from 80 to 1 50°C. 



24 

y. <EP 097458BA1_L> 



EP 0 974 588 A1 



F I G. 1 



ft 91 



o 
o 



C\J 

I 



o 
o 



o 

CO 
I 



o 

GO 
1 




cn 

03 



Art via 



CO 



o 
o 

CM 



25 



EP 0 974 588 A1 




ID: <EP 097458BA1 I > 



26 



EP 0 974 588 A1 



FIG. 3 



* 01 



O 

o 



o 
o 



1 



o 

CO 
I 



o 

CD 
I 



I 

— 1 — 




27 



DID: <EP 097458BA1J_> 




ID: <EP 0974588A1_I_> 



28 



EP 0 974 588 A1 



F I G. 5 



* Oi 




cn 

4J 

c 



8 



o 

CD 



CO 



CM 

Aft via 



CNJ 
1 



I — 

o 
o 

CO 



CO 



o 
o 



(Do) s^n^Msdwaji 



29 



EP 0 974 588 A1 



F I G. 6 



o 




D: <EP 0974588A1 J_;» 



30 



EP 0 974 588 A1 




31 




D: <EP 0974588A1 J_> 



32 



EP 0 974 588 A1 




EP 0 974 588 A1 



F I G. 10 



a 

o 

O 




o 



34 



ID: <EP 0974S88A1_L> 



EP 0 974 588 A1 



INTERNATIONAL SEARCH REPORT 


International application No. 1 
PCT/JP98/00778 1 


A. CLASSIFICATION OF SUBJECT MAllUk ^ ^ ^ | 
int. CI* C07D251/54, C09K21/12, C08K5/51 I 

According to International Patent Classification (IPC) or to both national classification and IPC _ 1 


B. FIELDS SEARCHED . _ ■ { 

Minimum documentation searched (classification system followed by classification symtKHsj 
int. CI* C07D251/54, C09K21/12, C08K5/51 


Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched 


Electronic data base consulted during the international search (name of data base and, where practicable, search terms used) | 
CAPLUS (STN), REGISTRY (STN) I 


r p™~» ribf tots nrwrsinRRED TO BE RELEVANT r 




Category* 


Citation of document, with indication, where appropriate, of the relevant passages 


Relevant to claim No. 1 
1-14 ~~ 1 


A 

A 
A 


- JP, 40-28594, Bl (Sanwa Junyaku K.K.), 
December 18, 1965 (18. 12. 65) , 
Refer to Examples ? Fig. 1 (Family: none) 

jp, 61-126091, A (Sanwa Chemical Co., Ltd. ) , 
June 13, 1986 (13. 06. 86) (Family: none) 

JP, 8-231517, A (Tokuyama Corp.), 

September 10, 1996 (10. 09. 96) (Family: none) 


1-14 j 
1-14 1 


□ Furth 


«• documents are listed in the continuation of Box C. Q See patent family annex. 1 


: . — -f later documeat published after the uaenauonai nun* o»» or piwwj I 

the priority date claimed tt j 


Date of the actual completion of the international search 
May 26, 1998 (26. 05. 98) 


Date of mailing of the international search report J 
June 2, 1998 (02. 06. 98) 


Name and mailing address of the ISA/ 

Japanese Patent Office 


Authorized officer I 
Telephone No. 



Form PCT/IS A/210 (second sheet) (July 1992) 



35 



:iD:<EP 0974588A1_I_> 



